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ABstRACT
As has happened throughout the world. environmental and water quu}i,ty problems related
to developing urban and industrial areas and associated accumelatton of waste in built-up
areas were the main factors in contributing to sanitary awareness in South Africa. The
dwindling water resources and persistent deterioration nf water quality, more severely in
urban areas, necessitates the review the current practice of stormwater management in
South Africa. Reliable stonnwater drainage models evaluating both the water quantity and
quality could be essendal in confronting m~prevailing pollution problems. The "'bl~.~~!ve
of this project was conceived tt' ":; the development qf a system for the simulation of
water quality in urban watercou. ses,
A personal computer compatible model for joint transposit1;)o ..of hydrograph and
pollutographs in open channels was developed. The model comprises an operational data
handli. cility, a user friendly and Intcractwe interface.
The study revealed that:
Urban and Industrial development results in complication of the urban water
system.
• Single objectivity approaches in management of urban watercourses are outdated .
.. The proposed model is capable of simultaneously muting flo9~and pollutant
constituent waves in open channels. ,
,;. -
.. Understanding of aspects of the water quality in urban watercourse can be greatly
enhanced by the proposed model.
The l~·j;Iov.ing recommendations were henceforth made:
• Detailed study of the nature. quantity and sources of pollutants in the!urban water
system.
.. Sophisticated (dynamic wave. supercritical now, complicated !:c.. nc.ir:l I
hydrodynamic model snould be considered,
• Bielogical and, chemical process ill the urban watercourse be incorporated.
• Linking of the water qUR!ity model to the storm water drainage model,
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1(l lNTl~()DUCnON
1,1 General
Indeed, modem urban and industrial developments would scarcely he possible witl ut
an adcql!al~ supply of the ri 'It degree of purity. It is Obviously of primary Importance
thai water should be available to mankind in safficient quantity. But scarcely of less
significance is the ~ilalityofthe water, It is i,hj~;connection, that the pollution of many
watercourses looms as a problem of the first magnitude.
Transiuon to urban environment can have a dramatic influence, not only to the quantity
but 10 the quality of runoff as well. The continuing coalescence and expansion of our
,urban areas into metropolis could stress our environment beyond tolerable Iimits.
Aqueous discharges in form of sewage and wastewa: usually accompany urban i~nd
tt
if
I,industrial developments. i:7~.
,~'I ('~ ',\
While much can be dDnc\h~wards keeping undesirable effluent cut (If watercourses by
controlltng the pollution at asource (varying degrees bf treatment. legal constraint for
discharging), it must be appreciated that urban watercourses will remain polluted.
Wuh the 20th Century in us closing decade, South Africa IS 110 exception to the we ..J~
wi,de watercourse po.Iuuon problems. Stormwarer iunott, consisting of signtficantly
high concemrauon of pollutants, is not treated prior to being discharged into
Chapter ~ Page 2
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watcrceurses, Moreover, in many densely populated residential areas, such as Sowcto,
sewage reticulation systems frequently malfunction due to sewer blockages, therefore
redirecting raw sewage into stormwater inlets, Ail these pollutants thus end up in
watercourses.
(1
G~
Before the era (If environmental concern, 1110pollution effects of urban development
were largely ign~n~d it) v!Jplying traditional drainage methods. The persistent
deterioration in water quality necessitated mliati·objcctive approaches in planning. design
and management of urban wstercourses,
1.2 (herview of water quality models in watercourses
'. ,"
A surveyor relevant literature was undenaten: U) ideI'(;fy previous work by other
researchers. The survey is by no means a complete overview of all the work in the
field, but a .oighBght of important work contributing di~~,Y to the development of an
appropriate water quality model. ..
The behaviour of an urban watercourse, would..probably fall in the category of river ''c,
" .study of river water quality in South Africa, was presented by Arnold (1980). He
model.ting, hence the survey examined riverine quality models in general. Quality
models in this category arc anl'(lU3tcly covered by one-dimensional models.
developed a suite of programs, incorporating wastewater treatment and river water I~
~---~---
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quality, which 1.' -rc implemented on main-frame computers. The water qualify model
was based on the well-known Streeter-Phelps equation, An explicit Iinitc difference
scheme was employed to obtain solutions. Simplifications such as uniform channel,
constant area and now rate arc' inherent in the model,
c-
o ~l
\ )
\J
Mileikowsky (1980), also in South Africa, developed a numerical model for sitUl!lating
current and future daily fluctuations of salinity in the Vaal barrage. The mudd is
essentially a one-dimensional cell-tyg representation of the Barrage reservoir. Basic
input was obI lined from other models, i,uch as lhe far field model, which simulates
behaviour of the comprehensive reservoir system, wash-off model'; which generates
tributary Inflows in both quantity and quality. The model uses a finite difference
scheme and the Lti*diagonal matrix l,) calculate solutions,
Another South African model was presented ';, Fijen and Huizinga (1987~.A one-
dimensional hydrodynamic and water quality cemputer program was developed and used
to study the physical, biological and ecological aspects of the Sun(!.;;" river estuary,
Water levels, fJ.OW& and salinity distributlons in this river were modelled. The
hydl'Odynaplic rouuncs employed, were the long-wave equations of momentum and
continuity tDronkcrs, 1969). For water quality computation, me advection-dispersion
equation (Fiscner et al, 1979, Koussis et at, 19(4) was employed. An explicit leapfrog
:1
I!
finite difference scheme was adopted for the solutions of both equations,
The most comprehensive study of water "iuality in an urban watercourse " '.s undertaken
by Moodie (1979). He developed a suite of hydmlogklhydranlic and water quality
Chapter 1 Page 4
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COfl1p~HCrprograms, The models were bas ccl on the identification of problems in
Gardiners Creek, a typical urban watercourse located in the suburb of Melbourne,
AustraJ,ia. The variable Parameter Muskingum - Cnnge method of flood routing. based
on illi7 work of Price (1977). was used for the hydrologic/hydranlic sub-model. This
was solved usin~!a {bur point explicil finite difference scheme. Two Wilier quality sub-
A .dyn~ri~icwater qUality model for storm induced flows in ~\re.rs was developed by
o #
l/
Bedford et :11 (1983). Themodel comprises a hydrodynamic portion based on the full
models were also developed. based on the simJilej'-'IWSS balance and the Streercr ..Phelps
ii
equations.
procedure, while the water quality code was formulated wjtu the Holley-Preissmann's
dynamic equation ;9lld was solved utilizing the tour-point implicit Newton-Raphson
\
non-linear formulation. Keefer and Jobson (1978), also presented the most analogous
to this model. However, theirs was more general using a Iinearised four-point implicit
hydrodynamlc solution and the modified six-noint Stone" and Brain pollutant solution.
,-;.) "
(J
The model was 0; Iginally constructed and implemented for the Water Quality Analysis
and Surveillance section of me Ohio Environmeatal Protection Agency.
In general riverine water quality n,;;,')cclling is the combined effect of advection,
dispersion and biochemical reaction. The mass transport of pollutants has traditionally
been represented by the Advective-Dispersion (AD) equation, whereas the biochemical
activities by the Streeter-Phelps equation.
Discrepancies between observed dispersion in rivers and that predicted usmg the
--~~~-----------~---
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classical AD equation, have ,~~cnacknowledged and explained (Liu and Cheng, 1980;
Sabol and Nordin, 1978). Some investigators have therefore, proposed other models to
predict mass traasport in natural streams and rivers:
Yotsukura (1972), McQuivey and Keefer (1974,1976), Pedersen (1977), Sabol
and Nordin (1978), Beltaos (1978), and UIJ (1980).
• Si' of the alternative models are cxpan-ions of the AD equation and include
entrapment in d~fldzones (Pedersen, 1977), or multi·dlxhensionality (Jo!~s(mand
Yotsokura, 1972), or time-dependent.tot distance) dit:persion co-efficients (Liu
and Cheng, J980).
• Stefan and Demetracopoulos (1981) pre~nted the mosc radical deviation from
('
the classical AD equation, the cells-in-series (CiS) formulation, TIle CIS model
assumes that the nver is composed of a sequence of elements of equal volume.
caned cells. Complete mixing occurs on each cell.
• Phelps (1944) described much of the early knowledge of the process of stream
pollution, as well as detailing the development of the widely used Streeter-
Phelps equations and their analytlcal solution in the form of the dissolved
oxygen sag equation.
-~ ~~""_lil_._""' __ ' __.....",_. ....... ·'MI _
Page il-~~,-------.~---~-~~~.------------------
• Velz (197(», proposed a "rational method" for determining the dis"t;llved oxygen
sag curve which he considered prcfftrahl(~ to the simplified dissolved oxygen sag
equations of}ZlTccter.Phelps.
.. Thomann (1972) developed analytical soluuons 10 include factors such as
dispersion, nitrification, algal photosynthesis and respiration, bethal demand, etc.
in a systems approach, as did Rinaldi et al (l979'l. Analytical solutiens arc also
used by Liu (1962), Gunnerson and Bailey (n63). Holley (1969) and Fan et at
C_';cY97l). whereas Chevercau (1973) used numerical techniques to solve the
equati('iil~,and)uscd COD to represent the ljltimate BOO of' the water.
r " "I \ '/'<.: \'
.. The two-step explicit finite difference method used by ChCVCfl!aU was initially
developed for the" BOD· DO equations by Dresnack and Dobbins (i968) to
overcome cenain difficulties inherent in the standard finite difference methods.
• Bella avJ Dobbins (1968) also studied .the difference modelling ('If stream
pollution in t!:reatdetail.
• Beck and Young (1'975) developed a lumped parameter BOD·DO model
conceptualised by a transportation delay system plus a continuously stirred tank
reactor. An important aspect 1.11' their model was that it used daily BOD data,
thereby recognising the difficulties involved in obtaining more frequent data
over long time periods.
--_. ~ 4 ~. ~~_, • _. __
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• Dc Boer (1976, 1979) used the method of characterlstlcs in a moving cell model
of the dissolved oxygen and other quality parameters, thereby avoiding the
problem of numerical dispersion.
Dohbins (1964) investigated methods or determining the various constants in the
BO!)· DO equations and proposed a rational theory for estimating the surface
rcaerauon rate. Camp (1965) on the other hand found that reaeration was small
compared to photosynthetic production of dissolved oxygen, and also concluded
that the removal of ~OD 0)' settling could be very large compared 10 the
removal by biochemical oxidation. O'Connor and Di Toro (1970) studies the
1\
: \ ,~diumal variation of photosynthetic production of dissolved oxygen and
developed an oxygen balance model that includes this effect. .
.. Increases in DO during the night were reported by Gunnerson and Bailey (/963)
.,and this was ~tributed to variations in the algal respiration rate.
.. Edberg and Hofsten (1973) described in-situ and laboratory lest" on oxygen
uptake of bottom sediments and found that the latter gave consistently lower
values than uic fermer. A number of models for :~stim2llingrcaeration rates
have been proposed (0' Connor and Dobbins. 1958; Churchill and
Buckingham, 1962; Bansal. 1973; Foree, 1976).
Major points to note from the brief literature survey are:
----------------- -------------------------~--~-----------
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.. Numerous authors have develo, ''0 water quality models based on the one-
dimensional Advective-Dispcrsion and the Strecter-Pnelps equations.
Extensive work has been undertaken on the biochemical aspects of riverine
water quality.
.. S(~uthAfrica trails behind in modelling water quality in watercoe, .
• Finite difference schemes have been utilized extensively to evaluate solutions .
• Most models developed ill South Africa have been implemented 0(. main-frame
computers. which are costly and not _user friendly.
r-:" ----::::.,'::;
1.3 Development of a water quality model on a Personal Computer
\' "-
"'0'\,\,,;' /'" '\
'~"!:/ ',~
Wat<lf quality simulatio~:in watercourses is a complex multi-disciplinary undertaking
involving Hydrology, Hydraulics, Mathematics, Biology. Chemistry and even Numerical
methods. The process necessitates mathematical formulation of the system's behaviour
resulting in tedious calculations. The computation burden can be drastically reduced in
the advent of efficient, high speed, digital cO\:~lputil1gsystems.
Through the years a large number of water quality models have been developed by
various researchers, many of them proprietary. In general. the models were main-frame
orientated. Main-frame practices suffer from a number of disadvantages. such as
,----------------------------------------------------
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accessibility, cost, interaction with the user and graphical rcpresentatlon.
Over the past two decades, the power and the cap acity of personal computer:' has been
continually enhanced and expanded by advances in micro computer technology. These
developments have demonstrated that it is 110t only possible, but also feasible to develop
water quality models for watercourses. To ensure operational systems, the following
sttributes would be necessary: simplicity, consistency, completeness, robustness.
economical ai,~(independence.
1.4 Conclusions
The declining water quality, coupled with South Afric~'s W,;;ter resources plight,
'\
emphasises multi-objective approaches for urban watercourses.
\\ "
It therefore becomes clear that a comprehensive SUIW '\\f personal t,\)mputer orientated
programs could be a viable aid in understanding water quality in urban watercourses.
In view of the foregoing, Ute aims of this study were set out as follows:
• To develop a mode) which would simulate water quality in urban watercourses,
The model to be personal computer compatible.
--------.----~--------~-------------~-----------------------~
\'
( J
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The model to be able to simultaneously compute transposition of hydrographs
and pollutographs in watercourses.
The model to incorporate all attributes mentioned earlier : simplicity.
consistency, completeness, robustness, performance and independence.
.. The model to have an operational data handling structure. user friendly and
interactive,
• Development of a suite of computer programs
The methodology used to achieve the abovementioned aims is outlined below:
• Identify aspects of the urban water system
• Mathematical fonnulation of the model
II Choice of an appropriate numerical scheme for solutions
• Verification of the model.
j.'"\r' ',,,'------,
1
I
I
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2.0 ASPECTS OF THE URBAN WATER
2.1 Urban hydrology
,
Hydrology, in gCI¥:la!, may !J;,1 denn~:d as (Universities Council on Water Resources,
,'/
1967J : "the viSical science that treats l~~ewaters of the earth, their occurrence.
// ('
//
circulation<~M distribution, their chemical and physicai properties. and the reaction of
the cl\(lronmcnt, including living things, on dlOSC waters", It is an Interdisciplinary
c: \\
subject, embracing physical, chemical, biological and applied sciences. and concerns me
,c;',
spatial and temporal diSJp6uti,:.p,as well as the movement of water in all its forms, The
~::::-/ ,.-,:-:--./
latter is implicit in the concept of the hydrological cycle.
The era of industrial revolution and growth of manufacturing industries has brought
people together. The establishment of factories meant that livelihoods become
dependent on employment rather than on ~tSj~~ncefal1l'!ing through self endeavour.
This process of urbanizatien, the congregation of people together to live in towns, has
led to manipulation of the environment, and therefore the landscape of the hydrological
cycle. Wiidscapc: has been cleared for agriculture. fafcsts have been felled, swamps
have been drained and most important. towns and cities have been created in what were
once rural areas. Over the last three decades emphasis has been "placcq on the
hydrology of land-use changes in the general. and more recently the subject of urban
hydrology.
-----------------------------------------------
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Urban hydrology can be defined us the study of the hydrological process occurring /)
within the urban environment A detail (r~ccption of the urban hydrological cycle is
; )",{I
indicated 0,) Fig:Jre 2.1 below,
'c.
Il~ •__ ~ __
Figure 2.1 tl~han hydrological cycle
;,{Adapted.from H!!"{lgeveld. and vocht, 1982)
(f
/;
Ii I
:..: 1
1
•..I
~"J
.~
,,)
!i
The continuing expansion of our urban ..rca re: ,Its in hydrologicnl problems. Four
major problems have been identified (Hengeveld and Vocht, 1982): I_J
• Provlsion for water resc uces adequate both in quantity and quality
• Need for appropriate flood control measures
------------------------
.,
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ef water-home waste withou; impairing the quality of local
watercourses
.. Changes in t'11,~urban microclimate
i'1ie project entails the modelling of water quality in urban watercourses, henceforth inc
degradation of the qu ality of WOller iil urban areas is of interest. The following SUt>M
sections cover quality characteristics of urban runoff and sources of pollution.
2,2 Quality characteristics of urban rlml>"
II
It
:1
II
- ,I
In the past 1WO decades, considerable research i~nddocumentation of urban srormwater
runoff has been undertaken overseas" in panj~iular the United States of America and
Ii '
Australia. In line with this tr~"l1'Green et al ,/986), undertook an exploratory survey
u
of stormwater polluuon in two South African urban catchments (Hillbrow and
Montgomery Park).
Po~IUT.jonin urban waicrcoarses result from demcstlc sewage. urban runcif, industrial
wastewater and lX)S!;Il:1~e atmospheric fall out, As treatment of domestic: sewage and
industrial wastewater arc gradually receiving attention, urban stormwatcr runoff is \)
identified as the main cutprit for pollution, Santor and Boyd (1972) indicated tnm
nmoff may consist of highly concentrated pollutants rather than raw sewage,
Stephenson (1.982) presented a range of nu..'HS ired water quality parameters, obtainnd
from various sources and tiles.. are indicated in Table 2,1 overleaf:
Page 14
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Table 2.1 Trban rdnoff quality (~h.ml(:terilitics*
.. Adapted/rom Stephenson (1982;
The above values are not representative of an)~,panicular catchment, but an indication
\\,\,
\~: \ \
of quality characteristics of urban runoff
Pollution is measured in terms of concentrations. For instance, susrended solids such
as silt are measured pe~ litre (mg/t), A specific nutrient like nitrate. i~:measured in terms
of UIC mgjl of nitrogen. The total nnrocen content may comprise organic nitrogen,
ammonia. nitrogen, nitrite and nitrate. Phosphate, also a nutrient, in the correct
proponio« in the presence of nitrate can support aquatic lite.
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2.3 Sources CJf pollution
Pclhnlcn of an urban watercourse can hn:.J;I,dlybtl attnoutcd to surface washoff,
atmospheric deposition, domestic: sewage and industrial wastewater.
Pollution sources other than domestic sewage una 'industrial wastewater will be
discussed here. Simpson and Kemp (1982), observed that atmospncric deposition anc
surface washoffwere responsible for 30% of suspended solids, 15% of phosphorus. 19%
Ii
of nitrates. 30d)7% of soluble phosphorus ary,d for all soluble nitrogen,
Horkeby and .Malmquist (1977) 0 tUSO attribu~ Lie presence of arsenic. cadmium
chromium, mercury, tin. vanadium and lead in urban stormwater runoff to atmospheric
deposition. Rainfall itself was found by Black (1980) to be rhe S9urc.e of nitrate 1(;,'Uds,
Vehicle exhausts. wearing of tyres, asphalt and corrosion of vehicles and buildings. wen:
also identified as sources of heavy metals.
2.4 Conclusions
The process of urbanisation results in the complication of the g:obal hydrologiL~alcyctc,
The consequence inevitably includes oegradauon of water qu,' ty.
The characteristics (if pollution ill an urban watercourse comprises of highly
concentrated loads. In the case of South Africa, this could worsen the countries water
( ________ ~ ~~_ 4 _~ , _
resources problem Recreational amenities could be lost Jnd also a threat to aquatic 'lfc
is posed.
As the urban watercourse is part of a complex natural river system an ap,:,rcciation of
its pollution impact would lead' to :1 better understanding of the global river pollution
\'
\\
1\
Water quality i~ an important factor in many uses of water. Agriculture for instance.
can accomm'bdatc nutrients. {)ut not those with high salt contents. For domestic water
\~\, • d
supplies, coliform count, ..:olour and f'Clsle are, important parameters. For -recreational
purposes, simil ar criteria are often applied.
- ..I"'_--,""'~~~." ...o;Q- ••-----------
--,----~-'---- ..--.... -------'-~--.-.-----,
CHAPTERS
",
Chapter 3 Page 17
3.0 MATHEMATICAL FORMULATION OF AN ADVECTlVE WATER
QUALITY M~)l)EL
\,
\)
3.1 Transport equation ratlonare
The overriding consideration fuai guided formulation of the model dn line with Bedltml
et at: /,9,83). was that very sharp spatial and temporal gradients of How. elevation and
pollutant concentrations. are propelled through reaches of rapidly varying cross-sectional
areas during flooding events. Transport being dominated by advection and pollutant
concentrations are more a consequence of it rather than dispersion cr biochemical
reaction.
It follows that the model must: "
• account for flow, elevation and transport changes,
• include the direction interaction of flow and. elevation on pollutant distribution,
• be applicable to channels of arbitrary shape and slope.
II
The model would therefore, consist of two SCtS of area averaged equations, namely.
hydrodynamic equations depicting movement of flood waves and the pollutant transport
.,'.
equations.
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The results obtained from the hydrodynamic sub-model would then N. imposed as input
dataJhr pollutant transport sub-model, hence obtaining results for the complete the water
quality model.
:l2 Governtng transport equations
)J
3.2.1 Hydrodynamics
Mathematical flood routing methods currently available may be broadly classified into
process-type models. usually referred to as "hydraulic m~:thods " and those using a
coaceptual or system approach, often called "hydrologic methods"
As a result of drawbacks and over-simplifieations of hydmlogic methods. Engineers
have turned to the Saint Venant equation. These equations are, however. also
,
i' complicated for analytical solutions. Thus. the Saint Venant equations have in tum been
simplified, and the ~sulting equations designate the now-called dynamic, diffusion and
the kinematic models.
TIle complete dynamic model, ~hiCh retains an the tcrmi~ is the most aceurate and
d
!i
reliable, as well as most demanding on computer resojrccs. The diffusion and
!i
I,
kinematic models on me other hand have simpler equadpns and thus are easter to
program.
19BO: Kolovopoulos and Stephenson, 1988' Kolovopoulos, 1988) have also investigated
Numerous autliprs tPoncc a al 1978; H'cimmm and Laurenson, 1980; Stephenson.
.-,--.-....-;------...------.----.......-,...,~.,----------,.___._..--
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the applicability and performance of the kinematic ann diffusion model.
The kinematic models arc. limited to relatively steep watercourses where backwater
effects are negligible and also to mildly sloped hydrographs. The diffusion models have
a far greater range of applicability than kinematic models.
The diffusion mudd has been impicmented successfully tor channel routing, whereas
ill
overland ~?W"an be described realistically using the kinematic model.
\~,
In compliance with aims of this study, the simpler but. realistic diffusion model was
found to be appropriate in representing the movement of flood waves .
•!) One-dimensional unsteady flaw in open channels
The deri,\ "pp of the equations is routine (Yen. 1973; Henderson, J966; Chow, 1959;
Dronkers, 19459)and will not be repeated herein. Three partial diffeeent equations were
derived representing conser,'ation of mass (continuity). momentum and en-ergy"
Two of the derived equations to he used herein arc:
Continuity equation:
aQ/(~x + Btz) db/at, - q
Momentum equation:
••• <" 1'0 , " ••• ".' ~ ••••••• " ,.". .. (i.J.2)
(4) (3) (2) (1)
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where:
(1) ~.Flow Resistance
(2) -. Gravity
(a) - BC1110Ulli
(4) .". Inertia
and:
Q :=;, flow rate in x-direction (m'Vs)
q -_ lateral inflow I.m3ls)
x = distance along the channel (m)
Btz) :.;: water surface width (m)
A(z) = cross-sectional area of channel (m2)
h ;: water surface elevation (m)
t - time (8)
g = gravitational acceleratlon (m}s"')
St = friction resistance (slope) (m/m)
S = bed slope (m/m)0
1.1
Ii
In the continuity equation the lateral inflow «(J.) was ignored in this study. Inflow (or
outflow) continuously distributed along;Cdlc watercourse is seldom consiaercd in
mathematical modelling of rivers. The IU1st common situations in which sucn laterat
discharge is 10 be considered arc related to" hydrological phenomena such as;
evaporation, rainfall and infiltration. The mild climate in South Africa make these
phenomena mild, and thus can be neglected in modelling. Tributaries and effluents
Chapter 3
could t~ reprcses.ed by point inflows Of outflows rather than by continuous lateral
discharge (Cunge et al, 1980).
In the diffusian model approximation of tlK~Saint Vcnant equations, the local and
convective terms in the momentum equation terms arc neglected. Thus the equation 3.2
becomes:
gA r1h/dx + gA.(Sr - ~t):: 0
;~~~( j'
................................................ >0 (3.2.1)
()
Arbitrary_. ,•• ~ d_a._tu_.m__ ~. __ _.. _____
I
Q !-....
1 ------------------
Figure ~/ Detlnltlcn sketch of 11 typieal cross-section
\:""
b) Flow resistance
The resistance of flow due 1:0 shear forces mainly arising from bed friction and the
influence of wind is represented by a number of empirical laws.
~- .. ~-...~ .. ._-._----------------------
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In the momentum equation tile friction slope "S," was represented by the Manning's
formula. The influence of wind was assumed to be negligible. Alternatively other
friction formulae such as Darey-Weisbach's or Chezy's may be used, however, the
\ 1
~ J
Manning's formula has proved most rellflblC in practice (Henderson. J96?'}.md popular
j
amongst engineers in Snu!h Africa. ..
Manning's formula:
Q ::: .it."."~cII"'."_ ••••••• "·.".C " "'.."or IO .. (S.S}
o
where
n = Manning's roughness coefficient
R = hydraullc ramus (AlP)
p = wetted perimeter (m)
The above equation can be rewritten in the form:
;; i3 i)
.;; " ".,."' •••• ""' ",, .,. , .•••• "' ••••• \ ill j;
wnere
K{z) = {A R'% til n = conveyance factor
Inversely friction slope (resistance)
••••••••••••••.••••••• , ..... " •••••••• ., •••••••. ' •• ,.:1 .... (3.5)
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3.2.2 Pollutant transport
The overview of water quality models presented in Chapter 1 "highlighted" various
1nml·qh; of modelling pollution. For this study the one-dimensional mass balance
equation allowing for advection and decav was chosen.
Rinaldi et al (1979) also noted that a :fluid could be looked at from several points ofl)
{
view. One possibility, for instance. being the molecular approach, which considers tHe
fluid as a huge number of molecules moving around and colliding with each Other in
vacuum. The other being the continuum approach (mass balance) which is best suited
to river quality considerations. Following the latter approach each point in space is
associated with the value of the property considered tfor example energy, momentum,
bacterial mass) over a small reference volume.
()
The advantage of using the continuum approach is that a heterogenous multicomponcnt
fluid can be described as being composed of different conunua, interacting with each
other and occupying the same position in space at the same instant of time, so that
'.1
properties of any of these continua may be assigned to every point of the space.
a) One-dimensional polluiant transport in open channels
Stephenson (1988) presented the derivation of the basic one-dlmenslonal mass balance
equation allowing for dispersion. decay and sources or sinks.
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The rcsulilng equation is as follows:
aC/cit + Kl'C + fC(A(z) (ClQldX) } - l/A{z) (J/dx { CAE ()C/():I.~)} - S ~ 0
............... , (3.6)
(i5) (4) (3) (2) (1)
where:
(1) ::: SO'1re.:
(2) .- Dispersion
(3) :::: Advection
(4)
(5)
and:
A(z}
Q
c
E (}
I~
x
t
::: 1i yay Rate
(, -,
- {'oHman! Concentration Rate of Change
- cross-sectional area of channel (m2)
;::: flow rate in x-direction (m3ts)
- pollutant concentration (;nlgll)
:; longitudinal dispersion co-efficient (m2/s)
._ poflutant decay rate (S·I)
::: distance along channel (m)
.•.• m.e (s)
Normally dispersion is negligible in urban watercourses as they are relatively short and
tel a large extent channdizcd (Stephenson. 1990), and therefore was not considered in
this study. 1;i.quation 3.6 thus becomes:
aCldt + KpC + (CIA) (OQ/dX) + VaC{()x ~ 0 " (3.6.1)
where:
V ::: Q/A
-------------~------------------------------..,_.
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4.() NUl\fERICAL SCIU:MES F'OI( SOLUTION OF TRANSPORT EQUATIONS
4.1 General
panial diffcnmtiai
be given to usc {lr numerical techniques to oh!uin approximate solutions.
All published numerical teehnlques arc based in the procedure of dlscrcrlsing the
equations and then solving them in conjunctlon with suitable boundary conditions.
Iliscrctizatlon is the procedure of representing a continuous variable by discreet values
at specific points in space or ume, or both (A(jCE. Tasi: Commiucc on GJossary, 1982).
c';/
/:/:::-->
::~\
4.2 Summ ry of methods
Numeric<ll soilltil)h )i1Ci]liJds can be categorised into three classes; namely the finite
element 'method, methnd of characterlstics and flnite difference method (Cunge
('t al, 198'.1) Au outline ofthcs~~ methods is covered in the following sub· section.
4.2.1 Finite element methods
In recent years, the finite clement method (FEM) has become increasingly popular in
almost every engineering field, In fluid mechanics and ground water hydraulics the
method has been extensively applied.
-;;;::::-
Chaptee 4 Page 26
The method has also found application ill various problems of surface ..vatcrs, such as
lake drcul:a.iml, thermal loading amI flows in shallow waters (Che,'zg, 1978; Connor ami
Brebbia, 'P?{j).
Smith and Cheng (1976) extended uie application of the
>!ilthlld to unsteady open, .annel f1nwR. Using it, the equations of a numerical model
art: solved by dividing the spatial domain into elements, in each of ...hich the solution
(If the governing equations ls apptoxirnated by continuous functions. The most
promising FEM method is the improved dissipauvc Galcrkin method (Katopodcs, 1984).
4.2.2 Method of characteristics
Cunge (1976) presented a Iull trcausc ot iilt:: method of characteristics, and only it brief
description will be given here.
The method utilises the fact that flow conforms wh:~ certain relationships along
characteristic curves, therefore a solution can be evaluated along such characteristic
curves, The partial differential equations arc mathematically transformed into
characteristic (ordinary differential) equations and solved on a grid.
The charactertstic equations for the Saint Vcnant equations arc as Iollows:
dv/clt + C dh/dt + g (Sf .. So) ._ 0 • ., " ~., .. ".(' •• " c", (.1.1)
de/dt = V + C •• ",~,,) ••• " to •• ~ , •••••• o ~ " •• , •••• {4~~~)
;J,_f
..
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•• > (4.3)
d.x/dt ._ V - C ....... It ,. ".,. o "' o s c " ~.'h••••••{4.4)
",(·~1..~n.'11.' (.',~ _ rC,'g.1'.'''/B,· 'J' (.1 5),.. r"" _ "'. Y I~..~·l. ..•••.,~ <·., " " _ , o "~ o ,, ,,· .••. '
Equations 4.1 and 4.2 arc identified as the forward characteristic C+, whereas 4.3 md
4.4 as the backward characteristic C-.
Movement along charactcrisucs liP''':f· represents possible wave motion l'~ros~;be,water
SU:l;H.:e. The physical significance of a characteristic line is its gf.idicnt. a:~it is <>;1
; »ponant feature of the theory. A small disturbance representing db;:uminuity in free
water gradient dy/d'\': or velocity gradient dv/dt in an open channel propagates w'rh
".'deriLy relative to the water.
"
Depending Or! the direction, three distinct states of water movement can be identified.
For subcrltlcal now the celerity is greater than the absolute value of the flow velocity .
The two characteristics therefore. have opposite signs and the state at any point P is
influence both from upstream and downstream conditions (Figure 4.1 a). For critical
flow the celenty equals the absolute of now velocity and one of the characteristic
velocltkn of propagation becomes zero; that is the backward characteristic C- becomes
a vertical line x :::= xp as shown in Figure 4.1 b. For supererltlcal flow the celerity is
less than the absolute value of flow velocity and the two characteristics have the same
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sign (FIgure 4.1 c and 4.1 d). In the latter IWO cases, the state at point P does not
depend upon the downstream flnw conditions.
'j
l'~~~-_:. -.
~.---.-----~-----------,----
Figure 4.1 Structure of the characteristics, I
(.4.dI1p/edfrom Cunge, et at,'198'1)
,I
'I
II
'I
,\
l
This method is based on reprcscutation of lh~(continuously defined functions and its
i
derivatives, in tenus of approximate values de hned at particular discreet points, called
4.2.3 Finite difference method
grid pOints. Thus the differential equations an] replaced by algebraic finite difference
relationships. The different ways in which derivatives and integrals are expressed by
i
discreet functions are called finite difference schemes.
Page 29
The computational grid (typicaHy shown in Figure 42 below) is a finite set of points
showing the same domain in the space-umc plan{',as the continuous argument funcsions.
Space
-----,-----.----- ..--~...--..-..-,-~.._-"'_..,.----'
Figw"e 4.2 finite difference computatlenal grid
The differentiation or a continuous function F' (x.t) can be approximated as:
i)F/Clx :;.: lim {F (~ + t, l) - F(.~:,t)ll tIX ' (4.1.)
x' to
In finite difference, however, hX is never infinitely small but represents a physiciil
length of some importance.
The error introduced hy replacing the dltfercatials by finite (liffprcncc is called
truncation error. Cunge er al (1980) provided details regarding implication of this and
thus is not included herem,
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Furthermore this replacement implies that the numerical model must satisfy requirements
of stability, accuracy and convergence. These arc defined as follows
tKotavopoulos, 1988):
• Stahi1ity: "Tile ability of scheme to control the propagation or growth of a small
disturbance introduced in the calculations".
"' Accuracy: "The ratio of the difference between the approximate solution of the
governing equations, divided by the exact solution".
• Convergence: "State of tending 10 a unique soluuon, A given scheme is
I .
convergent if an increasingly finer computational grid leads to a more accurate
approximation of the unique solution. However, a numerical method may
sometimes converge on the incorrect solution".
The convergence is governed by discretization errors. In practice. stability is a
necessary condition for model operation since an unstable model is of little or no usc.
Finite ,Ii!'itmmccsare divided into two categories; namely explicit and implicit schemes.
In explicit schemes, dependant variables at it rectangular grid point on the present time-
line or present and previous time-lines on an advanced time-tine are determined one
point at a time, from known values and conditions at grid points.
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For implicit sehemes.ji number of unknowns al the advanced time level arc related to
"less-weighted knov¢l values at the current time level. Since there is more than one
l
/;
unknown in the White difference equation, a full set of simultaneous equations must be
fl
solved. l
4.4 Conclusions
a) Tillite elemen: method
The method has not found widespread application in mathematical modelling of river
flow. As far as the problems are concerned, the method does not snow any advantage
over the other two ~.,if the legitimacy of it') application to tim.c dependant problems is
not always clear cut (Cungc a al, 1980).
The majority of the schemes developed for the FEM use finite difference for the time
derivatives. The advantage of the one-dimensional flow simulation appears doubtful to
many Engineers. An cflditional constraint, is the extensive memory requirement of
mounting the finite clement model. within a suite of personal computer models. In view
of ihe above reasons, a finite element model will not be considered in this study,
b) Metliod of characteristics
The method has the following advantages:
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.. Ease of implementation. partial differential equations yield to straight forward
ordinary diffcrenti a.1 equations.
It The masicmancs of the method underlines the essential physical wave behaviour.
Charactcri:;~1c directlons ate the time-space paths of information flow in tl}c physical
system.
.. The method caslly accommodates super critical flows .
Despite these features, the method is criticised for two major shortcomings in
implementation:
• In most characteristic based techniques the time-steps arc limited by stability criteria
that restrict too relationship between time and space-mesh parameters.
• The need ..for a common time-step during non-linear events and at element
boundaries, necessitates the usc of either interpolation or geometric adjustments,
which introduce errors into the solution.
c) Finite difference method
In general, finite difference schemes arc relatively easy to understand, formulate and
program. However, these can be computationally inefficient due to numerical instability
problems.
________ • • ~ 10 ...... ____
, I
\, "
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Ligget and Woolhlscr (196'7) however, found explicit schemes are accurate and
,)
cccnomic when correctly used. Based primarily on stability rather than accuracy or
efficiency requirements, explicit schemes are inflexible as they arc limited for stability
reasons to relatively small lime steps Further implicit schemes were found he
considerably stable for any choice of At: and .t~t. Due to large time steps required to
route real time floods in natural rivers, implicit methods have been increasingly used.
, /.\ 0
The methods do HOt,' gCllctaI, .rave stability difficulties of the explicit methods or of
the explicit characteristic method.
(I
d) Choice of method
The finite differenc:e...scheme was chosen for this study noting:.-._"-::::;,_,
• 'In river simulation problem, where long lime-steps can be adopted, the J:mpHcit
scheme is preferable tKolovopoulos, ]988),
• Implicitschemes are considerably more stable for any choice of AX and At., .
, '. Most river modelling systems currently in use arc based in implicit schemes.
r-----~--
I
I
,---------
r
)
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S.O IMPLICIT ADVECTIVE WATER QUALITY MODEL
5.1 General
The most widely used implict finite difference scheme is the box. ~~hemc. The box
scheme adopted for (his sll!dy is the popular Preismann Schen ....rdeveloped in France
tPreismann, 1961; Preismann and Cunge.}96J).
In formulation of the model the procedure comprises the steps as set out and described
.---------~---,--,------.---,-,------.-
in Figure 5.1 below:
I
J
1,\
----*l \ Ir-~----
I Finiw dif!:flrenoerepreaente.tion of
~.~~~~f_e_re_n_:h_·tU ...J
Figure 5.1 Steps for formulation of model
------------------
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52 Finite ditferenee representation
5.2.1 Dircrctixatiou definitions
CCl1~ideringa \1nl1~unifon:t? rectangular grid on the space-time plane, as shown in
Figure 5.2 below.
--~-------,---,----,.
Figure 5.2 Network of point on space-time plane
For any variable h at point D the partLJ derivatives of function h arc represented by:
()hI(lx (D) OIl' hn'!' (~1)J_ li+l .. "i: j tJ:>: ........ "••• (I..,. ••••••• ft., •• ~. ~-
•••• t> " •• ~ , ••• , •••••••• (5.2)
-------- .. ',.r~"....,.,._.._.,~t_.---_-
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Application to hydrorlynamic equations
Comim.i~vequation
o ,.~" ~ ~.,,,,. tI~ ~,. ~ ." ~ •• " ,., .. ~ .. " • .i." •• " (3 1.)
Simplifying and rearranging:
,!
hr+l {B!2At} 1· Q.t:+l f·· e/A.t} -t
\ i 1,
n
\1
l,11+1
a-J. j,l
II
. \
\1uJl.ipiyll1g by 2laXAt
.'. f 2(1
(;1 ~.-~ BA':
f' 2A.f\tl~ ~-'" "
o, ..... fl.\,t
C.1 .< 2e,,~:J,
c (!~l:1 a)·'r1 ~"."" ~ ~
". ,1> ""_",,. ""> .. ,, ,,, ",. ,,~.., .. ,; ~." .. ~", 'l ~-~ 'Hl.'." ~ " (5.5. ',.1)
... ' .,,~~~ '" ,.. ,.~ "' .. "' ••• ~Iil .. ,..,' ' •• "a , * ..o ftll (ooa5.2)
...... ~<:> ••• a"<1 '''1).'.' ••' •••~.'••a .. ~ .I'~ II ;''' •••• " a {·5,,5.3)
.... on .... (5.5.5) ,
.............. (f).6)
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h) Momentum equation (Diffusion approximation)
j/
II
gA!lli. + gA(Sf - So) _. 0ax •• "." "•• "'••••••• " , (1. (:3~2.1)
The term Sf was dis(.~retis(~das follows (Cunge et at, J980):
................ "' , (5.8)
Simplytying and rearranging
,.~.• " ). ,·.tJ ••••• I:" ,) •• , " ~." •.... , .,. (5.9)
Multiplying by :!A~'Ai
"
, i
+ <:~~~1'{gA e L~.J A:\'At} + {2gA (1 - '9) (h
i
:t ~ ~1l)At}
(KIl P, .,1
~;l ••• "" ""'li •••• !) (5",10)
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M~=
{-2gAe.t.t} . (5.10.1)
gA e I Qn IA~".t}
~ H (5.10.2)
(K~)2,
M;-;.::; {2gAeAt} .... "'''.h· O" •• ~ IIe e (I •• e •• Q •• ''' (I (5.10.3)
M1~: gA €I !q:ll t..'u,t--(Kll yo!
i+1 '
.,. ••••• Q ••• O " ••• Q ••••••• ~._.<> " (5 ..10.l1)
Fi - 2nA (l ..e) (h" ~ h'') AttJ - - .. \ ;+:. t ................................ (5.J.0.5)
F'2 ;::,{ gA (1 ~ e) Q~ IQ~ I A1:t.t }
J --.:...,
(K?)2
I
•••• " •••••• " ••••••• e e (5..10.6)
••• ",? "' (5.10.7)
II
j1"".! ::;; -2gA SII AXAt " "'.H ; , (5.10.8)
Ms'":: -{F1 + It'2 + Fa + F4} " , ••• , (5.l0'!:3')
fM:1}h~+l+ {M.,}Q~+l + {Ma} h1,'''1 + {M4} Qr.+~, :=: {Mal (5.11), ", • 1+1 j-< t •
5.2.3 Application it) pollutant transport equations
ac + J{ C_ l'
at
+ C i1Q + V de - ()
A :;x- ax •• ".'f •• Io ••• ," •••• Ii ,,~~ ••••••••• (3.61>1)
+ Kpe + C
A
a (QII+I .. QIl"I'~ +
• j+) j)~......,,.........
+ v ::.~ (I
AX AX
.................... ".." " (5.12)
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Simplifying and rearranging
C~+l {I - e V 1 + CMl { 1 + Va} + KpC - 1 (C~ + en), i+l _ .,,1 •
2.6.t..t.X 2.6.1; I>X 2At
•• ~.4,","" •• O ••••••• ", ~ ••• tI ••••••• (5.13)
Multiplying by 2.ill7At
+ 2C {e:; (Qfl+l - Qfl+l) + (1 ..e)(Qfl - Qfl\} At + 2V (1 - e) (C~- C~)At:; 0
- . ,,,·1 i . ;+1 t ' HI ,
A
............................... 1:1 " •••••••• ;70 (5.14)
Let:
0 ., " ••••• , •••••••••• ".,,"'. ' •• " •••••••• (5..14.1)
••• ~ ••••• I' O •••• O.Il •••• 0 3 ••• '~ •• , •..•• :0 \. (5.14 ..2)
............................ ,..... (5.14.·1:)
.................................... (0.:L4.5)
•••• " •••••••• '~11 ~". (5.1.1i.6)
Pa - -(P:1/\ + PJIl + PSG + f\m) 00 (5.14.'1)
1f,P1lC'ln."l .L {To);:,) C~.I,"·tl :::-. {Il:,} (515\... . r I:,.:. .'_ ' _J< ."4.·) ••••• " i." •••• "'•• ~ "'... l-... .W
5.2.4 Linearizaaon of discretizcd equations
The resulting equations ( 5.6, 5. J 1 and 5.15) are non-linear. due to dependance of the
cc-effieicnrs such as A(z), 1Hz) and K(z) on the flow variable. Verwey in his
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Prcismann formulation (Cunge er at, 1980), represented the co-efficients of flow as
follows:
F' ::: ( F" + F~ ) I 2 ,..h .,•••••••(5.16)
Z ,·).1
for first iterations
F :.::: a il:;ll+;~+ I~':HV.:1/2 + (1 ~a) [P + fIll " (5.17)
....1 H1 .+1 I
for any subsequent iterations
where:
F may represent A(:;,~),Btz) or K(z). The superscript (n + lh) shows that the
function is evaluated within time step.
Similarly:
It'·t :::: FII, i ....... !I' •••• e .•••••• ~~•••••••• " •••••• " I1' y •••• "" •••••••••••••••• (5.1S)
for first iterations
)i'1_
I
-:::e F'n.+!i + (,1. "") T;lt,' (t::) 19). ~ J,; .,. \'G."" " •• ~·•• " •••• 'i> •••• ".e •••••• " · 11" ,It.... .
, I
for dny subsequent iterations
Although the cquancns arc not fully linearised, calculations for each iteration within
a time-step, makes it possible to solve the set of algebraic equations as linear
\
systems,
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Preismann torrnulatton (Cung» et al, 1(J80), represented the co-efficients of flow as
follows:
~ !' p:l + p~ ) 12 " (5.16)" HI
for first iterations
F :::: e [P+>~+ F;t~] /2 + (1 ~a) [,;:'II + p'lj (5.17)
".) i+l Hi ,
for any subsequent iterations
where:
F may represent A(z), B(z) or K(z). The superscript (n + %) shows that;the
functi~n is evaluated within time step.
Similarly:
A" K; and Qi are, set as:
F.
I :::: F"i • ., rI" "' '!'" •• \·".~ ~~..' (5.18)
for first iterations
= e F~+l.i. + (1 ..e) F~ "" ~..,,.., OJ ~ ••• :. ••• '' .. II •••• 'I>.'''' ••• ,,••••••• (5.19), ,
for any subsequent iterations
Although the equations are not fully Iinearlscd, calculations for each iteration within
a time-step, makes it possible 10 solve the set of algebraic equations a" 1inear
systems.
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Preismann formulation tCunge et al, 1980), represented the co-efficients of flow as
folio 1,J1;:
11'
for flrst itcm'lRons
for any subsequent ilcrations
where:
F may represent A(z), B(z) or .K(z). The superscript (n + %) shows that the
function is evalua\&-nw'thin time step.
Similarly:
Ii' '\i " " •• 0 .. ,. ft. ,·e , ••••• ' It ••• " ".' "' ••••••••• ""' •• "' ••• ,, ·(5•.18)
'.'
fo~fh~~ti erations
F·I :"~e F"O. +',,1 + (1~......) F" o tr;. 19). ':.' •••••• " " .•, ••• ., •• , ••• " ••••• ,. •••• 'H ••• ,v.~ ,
for any subsequent iterations
Although the equations arc not fully Uncmiscd, calculations for each iteration within
a time-step, makes it possible to solve the set of algebraic equ .' as linear
systems.
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5.3 Bnundary Conditions
An implicit scheme requires two boundary conditions, upstream and downstream to
furnish a solution. The boundary conditions for the hydrodynamic sub-model can
comprise of anyone set of the following known quantities:
• upstream and downstream stage hydrographs
upstream and downstream flow aydrograpns
• upstream stage hydrograph and downstream flow hydrograph
upstream flow hydrograph and dowm:tremn stage hydrograph•
• upstream stage hydrograph and downstream rating curve
upstream flow hydrograph and downstream raring curve
in steady state conditions the most convenient beundary condition to apply
downstream is the water st~ge hydrograph, whereas for steady state, a single value
flow would be ap91'Opriate. However during model exploitation runs, the water stage
hydrograph cowssrream wiU nor generally be available unless the downstream limit
is a reservoir or tidal condition.
I;
/i
For pollutant transport the initil!l spatial distribution of pollutant concentratiof C(t)
upstream is the only possitk: boundary condition.
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5.4 Formulatton (,f solution matrix
The formulation of the solution matrix can be demonstrated by an example with five
cross-sections, The four reaches result in eight equations, it follows that (11 - 1)
reaches would result in 2(n ~ 1) equations. The example is as follows:
a) Hydrodynamics
Reach 1 : e1h(l) + C2Q(1) + 03h(2) + C4Q(2) ;;:e5 (5.20a)
M1h(1) + ~Q(l) + M3h(2) + M"Q(2)::; Ms ., (5.20b)
Reach 2 : C1h(2) + CzQ(2) + C:;h(3) + C4Q(3) =: C5 (5.20c)
M1h(2) -+ ~t.lQ(2) + M"h(3) + M1Q.(3) := M5 (5.20d)
Reach 3 : C1h(3) + C2Q(3) + Cah(4) + C..Q(4) ::;.:05 (5.20e)
M1h(3) + ~Q(3) + M3h(4) + M..Q(-1) == MlS (5.2CD
Reach 4: 01h(4) + C2Q(4) + 03h(5) + 04Q(5) :z Os (5.20g)
M1h(4) + ~Q(4) +M3h(5) +M4Q(5) :: Mr, (.5.20h)
Boundary conditions: Known upstream flow hydrograph and downstream stage
hydrograph.
Equations 5.20a, 5.20b, 5.20g, and 5 20h become:
C1h(1) + Csh(2) + C4Q(2) == e5 - C2Q(1) ::::Cr,* ! (5.21a)
M1h(l) + M3h(2) -I- M"Q(2) ::::Mil _. M2Q(1) ~ Ms* (5.21b)
-----~----~-.--------
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C,h(4) + C2Q(4) + C4Q(5) ::.:C5 - Csh(5) :::Ctj';: , (5.2lc)
M1h(4) + M2Q(4) + M4Q(5) =:: M;; - M3h(5) ::::Ms* (5.21d)
The resulting solution matrix is as Iollows:
C1 C, C4 0 0 0 0 0 h(l) Cs*
Ml M3 M4 0 0 0 0 o h(2) M'". :;"
0 C1 Cz C3 C4 0 0 0 Q(2) c5
0 M1 Mz ,M3 M4 0 I) 0 X 11(3) :::: Ms
0 0 0 C1 Cz C3 C4 0 Q(3] CS
0 0 0 Ml Mz M20 M4 0 h(4) Ms
0 0 0 0 0 C1 Cz C4 Q(4) Cs*
0 0 (1 0 0 Ml M2 M·d Q(5) Ms*
The matrix is banded and pentaglagonal i.e. all its non-zeros lie in a relatively
narrow region about the main diagonal, and the band width is derived from the..,
maximum number of non-zero entries to anyone side of the dru_~onal. If this
number is m the band width :::2m + 1.
b) Pollutant tranport
Applying similar procedures and examples as for (a):
•••••••••• " " •••••••• fI •• _.e .. " "'.",•... (5.22a)
·, •• !I ~ •• $",. It •• "I> ••••••••• ";. ,, ...• a. (5.,22b)
~~--.-~------------,--------,------------------------
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Reach 3 : .......... " (5.22c)
Reach 4 : .................................. 00 ••• " •••••••• (5.22d)
Boundary conditions known upstream pollutant concentration
Equation 5.22a thus, becomes:
........ _ " " (5.23)
The matrix solution is as shown:
\,
Pz 0 0 0
P1 r.. 0 0"'2-
0 p] Pz 0
0 0 Pi Pz
[
C(2)] [J'.\*]
C(.3) = P,
C(4) Ps
C(5) L,P3
The resulting matrix is also banded.
5.5 Solution algorithm for the model
The solution of the lincarlsed matrix may be obtained using any available methods
for solving slmultatncous equations. The most imporrant equations arc Gauss
elimination, Gauss-Slcdel, and the Double-Sweep method.
--------------------------*-----~~-**----
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Sternberg (1989) and Kplovopolous (1988) presented a concise summary of the
methods and the Double-Sweep approach was found to be the most efficient. This
method is the most frequently used in industrfal modelling (Cunge et al, 1980) and
the principle of the sweep algorithm was used in this study. It USt~Sa banded matrix
structure of the Iinear system of equations to compute the solution.
C, (\1 e
r"
rf1"1
b2 c." d~ C;;; Xl f2...
a3 ba (.~3 d3 , :\ X3 f3
a4 hi C4.·' ";4 i \.r X f: ::;: f4\ i / '4tis bs f , tis !s d., J fsall~l bn_1 Cn.l Xnol fno1
<In bn C X fnn n
The algorithm for this system as derived by Wilkinson and Reinsch (1971), Meis and
Markowitz (1981). is as follows:
Pdl ...-
PI,
Pg1 -
Pm2 ::::
Pd2 .:::
P12
Pg2 :::
Pbi ::;:
Pm, ".
Pd·I
-~~-
dl/el
:= (;1/<:'1
fI/e1
C2 - b2 '" Pd,
(dz - b:,;Pd1)/l)m2
- e/Pm2
(£'2 ~ b2 Pg1)PmZ
b - a· * Pd· ...I J I"'"
Cj ~ Pbi * Pdj, 1 - ai * P11"2
::: (d, - Pbi * Plj.1)/Pmj
for i :::3,<1: "'7 (n • 2)
-------------------------,-"----------------~-----
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c/Pmi
(£ • Ph * Pg. 1 • 31* Pg. ,r)!P.ro·I J I" I·..... 1
• "'ie. 3 211::::n • '~',n - ...~ . .
The e(ten~Y of th~algorithm lies in I~, Il)"ed and minimum storage req,r"''''
througn realising that the arrays Pb, and ?Illj are only used to compute the ar1~Y
:1
Pd, PIl and PZj and need not be stored once the latter groups have beil".n
evaluated.
I Ci
\.
\ (.
'.\
\
\\
\\
I
I
I
(i
CHAPTERS
Chapter 6 Page 47
_______ ._K · .,· _
6.0 STRUCTURE OF THE ADVECTIVE WATER QiALITY MODEL
6.1 General
To sustain the pre-development aims which were as set out in the introductory
chapter, a suite (If computer programs were developed. The suite was designated
WATQUA (Advective Water Quality model). Version 1.0, September 1991.
WATQUA wall compiled by MicfCsoft QUlCKBASIC, compiler for lEM Persona!
Computers and compatibles.
The. model comprisee 0. modules, namely: Driving module, Input handling,
Main compnration and Output handling. Figure 6.1 indicates a brief description of
. the model SaUI;'lure.
f-' -~-.-- ------_. -,---.~.----.-
_~,:M?-_
~~~~u-t-~~ r---, ~ ~ ~--o-u~~~u-t--~
KudI1111 Ccmpu~tlan 'I H«ndl.in.r
llOl1uI. lkdule V"d"l.
I c~:.
I ::~.P!A'''y.a datALn_.__ .
Figure 6.1 WATQtJA model structure
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6.L1 Input handling
WATQUA is supported by a flexible input handling menu driven module. The
module enables the user to create a new file, input, edit, view and print data.
inpllt includes cress-sectional ami boundary conditions data which arc stored in
separate files. The model accepts up to 90 c..oss-sections of any geometry with 10
(elevation, station) pairs. Boundary condition data comprises pollutograprs,
hydrograph, etc, with maximum number of ordinates equal to 90. The set up
provip..eG greater flexibility as the same cross-sectional data files can be combined
,Ii'
with different 'boundary files.
o
6.12 Computation
j:
T;:\c model initfally assumes steady stale conditions and uses the results thereof to
initialise variables, T't1ecalculation involves evaluation of matrix co-efflcients and
solution of the b:m1c.d matrix for various time steps, The computations are
\(\
undertaken in two stages: J!
• hydrodynamic pomon
• pollutant transpori portiou, which uses results evaluated from the hydrodynamic
model.
Figure 6.2 overleaf depicts the computation algorithm.
,-----~ - _ ..........-
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""__...,..,j-OO~lli~UATIONS1-II _;~.Jr CALCULA'm. COE:F.F'lCIENr.1OF MATRIX"
l
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\~ OUTPUi ~NDLiNG\.\._., .:''::'_~
I
L ._ ,_"". _ --------
Figure 6.2 : WATQUA computa~:~malgorlthrn
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6.1.3 Output handling
As a part of an operation?' system, a flexible output handling facility has been developed.
The output handling facility enables results to be saved into a file, "bwd on screen and
even primed.
The model produces results such as water levels. velocity of flow. water quantity and
quality distribution in time for a downstream stllion.
i,
---_._---'.-
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7.0 MODEL APPLICATION
7.1 General
In representing real-life flow influences by mathematical abstraction, some degree of
inaccuracy is inevitable. The extreme complexity of natural hydrological ~ hydraulic
systems dictates some level of simplification in modelling. Some natural processes may
not be described in detail whereas others may be completely excluded (Schaake, 1972).
The model presented here is "deterministic", that is, a model whose theoretical structure
is based on the physical laws of nature. Consequ/ 1,with the correct choice of input.
reliable output is expected. However, for reasons already highlighted, si~piif5rmgT:
as umptions were made, henceforth an assessment with regard to its accuracy, validity
i' and rdiabililj is necessary.
Model calibration and verification is the key to model credibility. TIle extent to which
the model output enters into and Influences the decision making process and enhances
the qual 'ty of those decisions, it, dependent on its credibility. That credibility is. in tum.
largely determined by the thoroughness of calibration and verification efforts and
effectiveness of the means used to display and communicate the results.
Extensjve data is required to adequately calibrate or verify a transport mode}. Whilst
it is possible to assess such things as conservation of mass and stability using
hypothetical parameters, it is however impossible 10determine whether the basic physics
_____ w:: -.-~ -•.._._._. __ , _
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are complete to represent the natural silur.t;".:.
7.2 Methodology
Model calibration and verification involves rational adjustment of parameters within
their acceptable limits to achieve the best fit between the natural event and model
output.
To expedite the calibration process a variety of techniques are aveilable. An overview
,/I
of some of the tecbntques currently in use was presented by Walesh et al (1978).
Johnston et a1 (1976) classified calibration techniques into two distinct categories. In
the first category initial values of parameters are estimated from available information
of the processes involved in what thereafter becomes an iterative process. The second
category utilises mathematical optimization techniques to obtain optimum parameter
values.
To exploit the interactivo interphase of the i\posed model, parameter adjustment to
obtain optimum values was performed by J.ltilizing an "educated" trial and error
procedure. Tbc procedure generally involves manipulation of weighting factor, such as
8, the time siep to reach kngih (At/ex) ratio and channel conveyance factor.
\
A whole family of finite difference schemes may he obtained from equations 5.! and
.5.2 by varying the parameter e. These range from fully ;mplicit schemes when €I :;;;:1
to fully explicit schemes Wh";11 €I ::::O. The selection of the '!JJpropriatc values for e is
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largely dependant on uticular flow condition being "simulated. For an
unconditionally stable scheme. e must lie in the range 0.5 < e ~ 1.0. Implicit schemes
arc unccnditionally stable for any At/ex ratio. henceforth its choice is not critical.
However gross instability and inaccuracies could be incurred should this parameter be
chosen errntically.
To assess the goodness of fit between computed results and observed data, two methods,
that is graphical and statistical comparison, were used.
Graphical comparison present a quick and effective means of qualitatively assessing the
competence of the model. whereas quantitatlve assessment is easily illustrated by
statistical comparison. Various statistlcs 'W(':C applied in, assessment of the model,
namely. sum I1f squared residuals (SSR). sum of absolute residuals (SAR), coefficient
of efficiency (E) aha correlation coenicient (RS(I)' A concise brief and formulae oi
these statistics was presented by Kolovopoulos (1988) and henceforth will not be
repeated here,
7.3 Model Calibration And Verification
Taking into cognisance the data requirements for the complete water quality model (joint
\",l_--:_,
hyai'l)dY~lamicsand pollutant transport), calibration and vcrifi'.:a:ul)~was undertaken in
two stages. Stage 1 examined the competence of tile hydrodynamic sub-model to route
floods in an open channel and Stage 2 tl1C ability of the complete model to represent the
natural situation.
---------------.---~--.---.------------------------------------------
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7.3.1 Assessment of hydrodynamic sub-model
The hydrodynamic sub-model was assessed with the aid of hypothetical data used by
Tingsanchali and Manandhar (1985) to test their analytical diffusion model. The
watercourse was characterized by a rectangular channel wldth » 100m, bed slope tSo)
::::1110 000, reach length (L) ::;::60km, Manning's roughness coefficient (n) ~ 0.C5
(equivalent Chezy roughness coefficient C = 25rny'?Js)and an initiai uniform depth of
3'.T. A set of boundary conditions available were upstream and downstream stage
hydrographs as indicated in Figure 7.1 below.
15 18 21
Time (hrs)
+
+
24 33
--------------.-----,------------~
Figure 7..1 Upstream and downstream stage hydrographs for hypothetical study
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An independent variation of parameters e, At and AX, culminating in eight model runs
indicated in Table 7.1 below, was undertaken under the same boundary conditions.
A comparison between peak stage (above initial uniform flow depth) predicted by the
proposed model and "observed" data was carded out. For convenience the results of the
implicit finite difference scheme based on the complete Saint Venant equation at a
station 48km f:OID upstream limit was considered to be eqeivalent to observed data.
The observed peak stage hydrograph is henceforth equal to 1.9Om above the initial
uniferm now depth (Sm). Summary (If the range of parameters and results are indicated
in 'fable 7.1 below.
Table 7.1 Range of parameters and results for hypothetical study
1 0.2 60 60 01< *
2 0.4 60 6000 01< *
3 0.6 60 6000 1.81 - 4.7
4 1.0 60 1000 1.82 ~4.2
5 0.6 30 6000 1.85 ~ 2.6
6 0.6 120 6000 1.78 - 6.3
1 0.6 60 1000 1.88 -1.1
8 0.6 60 12000 2.10 + 10.5
In addition to the above comparison statistical analysis and graphical comparison
(Table 7.2) were also undertaken for the run number 7, which represent the best nt of
P~\~kstage at the same station. The parameters for this run correspond to those used by
Tingsanchali and Manandhar (1985).
Chapter' 7
Table 7.2 Summary of statistical analysis for hypothetical study
Mean of stages (computed) (m) 2.04
Means of stages (observed) (m) 2.10
Ratio of menns (computed/observed) 0.97
Mean of residuals (m) 0.05
Sum of squared residuals (m2) 0.12
Sum of absolute residuals (m) 1.14
(~oefficient of efficiency 0.99
Correlaticn Coefficient 1.0
The graphical comparison of simulated and observed ~tage hydrographs is indicated in
Figure 7.2 below.
Water stage (m)
i') 15 18 21
Time (hrs)
___ __J
Figure. 7.2 Comparison of computed and observed stage hydrographs for
hypothetical study
-----------------------------------.-----------------
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On inspecting TaLiif!~;7 1) 7.2, Figures 7.2 and 7.3 tile following conclusions were
drawn:
• Due to termination of program computation for values of e < 0.5 no results
were obtained (Rtms 1 and 2 in Table 7.1).
• For e ::: 0.6 variation iTI computed peak stage from the "ObSCIVed" peak stage
j<; only ~1.1% whe~1!r~asfOfe = 1.0 is -4.2£'\0 (Runs 3 and 6 in Table 7.1), The
I'
most accurate resu~~:~with regards peak stage were obtained when e = 0.6
(Run 7).
• Changes is At/t.X ratio, likewise, did not significantly influence the stability not
the accuracy (Rtll1s2 and 4 in Table 7.1),
The coefficients used for statistical analysis are very close to unity ana
correlation is excellent (Table 7.2).
• Computed and observed stage hydrographs were found to be in perfect
agreement (Figure 7.2),
7.3.2 Assessment of the complete water quality model
The ability of Fomplcte model to conserve pollutant mass during adveenon was
tested on observed data obtained from a portion of the RUp river. The Pretoria-
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Witwatersrand-vereeniging (PWV) complex, where the Klip river lies, constitutes the
largest and most highly developed concentration of human activity in Soutnern Africa.
This river henceforth represents a typical urban watercourse in the region.
The river rises :n the vicinity of Roodepoort and then flows due south up to the vicinity
of Lenasia where it flows cast for a distance and then south again U!.iI, it eventually
drain>; into the Vaal river. Arnold (1980) undertook an extensive survey (river
characteristics, flow rates, velocity prqutant distribution) 'Of a portion of the or
stretching approximately 5.8km as indicated in Figure 7.3.
1'0 suit the model the results of abovementioned survey were manipulated and adjusted
accordingly. The river c' .annel was represented by trapezotdal sections. bottom width
::::10m, side slope (vertical : horizontal) =: 1:3 equally spaced S40km apart.
I,~lowand pollutant distribution data was available for two periods :
" First event
Second event
July 18. 1978
March 21. 1979
For the first event the average flow rate and velocities were approximated at 4.2 m'3/s
and O.33m/s respectively whereas for the sl"ond event at 3.4m3{s and 0.23m/5
r'Cspectivcly in each case for the entire reach over the complete sampling period.
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A high ponion of flow in the KHp river originates from the industrial and mining areas
as wen as a number of sewage works. These flows coupled with the natural and urban
runoff. results in high Total Dissolved Solids (TDS) load (Herold. 1980). On this basis
TDS was chosen as a representative water quality indicator. Values of Conductivity
obtained by Arnold (1980) were converted to TDS at 2S"C with the aid of the following
relationships as presented by Green et 31 (1986):
., " ., , (701)
Ii
where
eli is the conductivhv at temperature tl
\,:"J is the conductivity at temperature ~
'IDS = (l~,S9 + 7.22 CU) ....................................................... (1.2)
CJ
The following were adopted as the boundary conditions:
• upstream flow rate
• downstream fiov...rate
• upstream TDS pollutograph (f'igurcs 7.4 and 7.5)
------~1r~\·-·~-,-"~-·-.--------~---------------------------
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~, Iigur~ 7.4 Upstream inflow TDS poUutograph for the Klip river
Ju!y 18, 19'i1S
Several runs were performed using data of the first event to obtain an optimum value
of channel roughness corresponding to gtven flow rate and velocity. The values of e
ami At were chosen to be 0.6 and 60 minutes respectively.
The computed downstream pollutograph was compared to the observed pollutographs,
The success of the simulation was evaluated from statistics in Table 7.3 and from
'.\
graphical aid in Figure 7.5.
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Table 7.3 Summary of statistical analysis for the Klip river .July IS, 1978
of ohserved ITDS i'mg/l)
Mean of com;;mtcd TDS (mgtf)
Ratio means (c:omputed/ohserved)
Mean of residuals (mgli)
Sum of squared residuals (mg'Ifi.)
Sum of absolute residuals (mgil)
Coefflciem of r;i:qdency
Correlation
1235.92
1234.51
0.99
14.158
7105.75
353.96
~0.16
0.88
r, ------.------------~~----~-Tota!Oiuolved Solids (mgll)
r~I 93 15 24
Time (hrs)
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Figure 7.5 Comparison of observed and computed TDS pellutographs for Kllp
river' - July 18, 1978
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Inspection of the summary statistics and graphical comparison, indicate that 1"1'0 further
adjustment was necessary. The most important and most representative statistics for the
measure of agreement. that la. the coefficient of efficiency and the correlation
coefficient, have propenles closer 10 unity, hence indicating perfect agreement between
observed d4111a and computed results.
The following parameters were adopted :
• channel roughness n =0.040-,
II • weighting factor e =0.6i~
• time step At :': 60 min
~\\Data l})r the second event was subsequently used to verify the model, Figure 7.6
overleaf, indicates the upstream TDS pollutograph (Boundary condition) for the event.
, ,-1
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Figure 7.6 Upstream inflow TDS pollutograph for the Klip river March 21, 1979
The statistical analysis (Table 7.4) and graphical comparison (Figure 7.7) of the.
computed results and observed data were also undertaken for this event.
Table 2.4 : Summary of statlstleal analysis for the KUp river March 21, 1979
Mean of observed TDS (mg/£)
Mean of computed TDS (mg/!)
Ratio means (computed/observed)
Sum of squared residuals (mr}/p)
Sum of absolute residuals (Ulg/l)
Coefflcient of efficiency
Correlation coefficient
1235.92
1234.51
0.99
7155.04
199.42
- 0.16
0.88
----------------------------------------=- ====~----------
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Figure 7.7 Comparison of observed and computed TDS pollutographs for the Klip
river March 21, 1979
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Figure 7.8 TOS pollutographs at varlous loeatlons aIOl:gthe Klip river study reach
- March 21, 1979
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TI)e results of this event. are highlighted in Table 7.4 and Fig,:rc 7.7. As for uie
previous event the agreement of the computed and observed TDS was found to be fairly
good. The ratio of cmnputcq r 'ean TDS to observed mean TDS is equal to 0.99,
whereas the ccrrclatlon-coenlciem is equal to 0.88. Futther, observation of Figure 7.8
\
indicates that:
.. In Ole initial pcrio~~of simulation (up to 2 hours; the TDS concentration is
;1
stable and the variation between the upstream and downstream limits is
negligible,
• TDS pollutograph attenuation is more pronounced for periods of simulation
greater than 2 hours (maximum attenuation of 12% at ume e I} hours).
7.4 Conclusions
i::_)
The foregoing analvsis indicate ~ '\ly the capabilities (If the proposed model in
simulating joint transportation of hydrographs and pollutograph in open channels, Both
the statistical and graphical comparison provided useful tools in the assessment of the
model.,.,.
The foHowing generalised conclusions have been made :
• The model presents the basic physics of nature effectively, noting the perfect
agreement in observed data anti computed, results,
\
~~,--------.--------~.-----~,~---------------------------
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" The model is capable of ,computing the propagation of flood waves and
conservative constituent concentration waves in watercourses.
.. Flood and polluuon muting can be accomplished by the same uumcrical
scheme
• Program eomputarion yields results when a ~ 0.5.
• TIw stability and accuracy of the model 'was not greatly enhanced by the
variation of a from 0.6 to 1.0.
',I
" Choice of AI/AX is not critlcal for an implicit finite difference scheme. however
this should not he chosen erratically.
• Realistic large time steps (At) do not intluence the accuracy and stability of the
results.
• Extensive data is required to successfully calibrate and verify ttie water quality
model.
r-------···--
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S.O CONCLUSIONS
S.J. Summary and Concluslens
Water quality modelling in urban watercourses is a relatively new field in South Africa
although it is practised extensively in lhe developed countries, such as United States of
America and ALstralia., The evaluation of design and management strategies for urban
watercourses has traditionally been based on a single objective, namely that of hydraulic
efficiency. The ongoing expansion and coalescing of our urban areas accompanied by
deteriorating water quality could lead ttl adverse environmental effects, henceforth
current practices need it' he reviewed.
To assist in enhancing the understanding of water quality in urban watercourses,
WATQlJA model was developed. In conceiving the model the theory of unsteady flow
and pollutant transport in open channels was investigated. The basic physics of the
model comprises two sets of equations. namely, hydrodynamics and pollutant transport
equations.
1'ht' diffusion approximation (inertial terms neglected) to Saint Venant equations was
used for the hydrodynamics, whereas the mass balance equation was atioplJ"-<ifor
pollutant transport. Various numerical schemes for solution of the equation; were
investigated, thenceforth both equations were discretized using Preissmann four point
implicit scheme and solve using a double sweep algorithm.
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In compliance with the objectives of the study a WATQUA model implemented on an
IBM complatible personal computer, and was compiled by Mic{'J80ft QLHCKBASIC.
The model comprises an advanced interactive interface ensuring ease and convenience
of use.
The competence of the model was assessed with the aid of hypothctl~al and observed
data in the Klip river, a typical urban watercourse in South Africa. The overall
performance of WATQUA compared very favourably with observed data. It was shown
tlmt the model is capable of simulating a real-life situation with acceptable distortion.
The following generali:r..edconclusions could fie "lade:
• The proposed modc~is capable of satisfa~torily simulating simultaneous routing
of hydrographs and pollulographs, hence can be used as useful to enhance an
understanding of water quality in watercourses,
• The model yield acceptable result, nearly as realistic as th<!most sophisticated
one dimensional routing technique available in Iiterature, namely. the complete
dynamic wave model.
• 'Ole model indicates that there is a tendency for water quality to improve as one
proceeds downstream.
• The model can predict time of travel and peak pollutant concentration.
-- ..,._",,_._.. _ ....... · .,.__w ~ _
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The model can be used successfully to assess the assimilative capacity of the
urban watercourse system.
to The impacts of proposed development and natural occurrences in the urban
watercourse can be predicted with the aid of the model.
• The ability of the watercourse to degrade dissolved substances can he evaluated
by the model.
• The perfect agreement between observed and computed TDS suggest that the
total mass transport is dominated by advection as diffusion was neglected in this
study.
• The model presents a fast, cheap and effective tool to study the water quality
aspects of watercourses.
8.2 Suggestion f(lr Future Research
Based on the research work carried out in this project. the following recommendailons
have been made:
• Development of water quality model, iucorporcting the full dyna,mic wave
model with additional features such as supercritical flow and rapidly varied flow
capable of simulating chemical and biologlcal processes.
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• The mecsure of pollution from urban areas should be made with the purpose of
assessing the quantity of pollution flowing from urban area.') through the
stormwater system.
• Sources of pollution should be Identified and the quantity and nature of
pollutkm recorder,
• The eflcct of urbanization on the total pollutant load into surface and ground
water resources should be assessed.
• The implicit flnite difference scheme should be retained in future, model
development as this enables unconditional choices of time and distance
))
increments, and thus provides an efficient solution.
,'/'
• Detail investigation of applicability of various steady state friction formulae for
unsteady flow.
• Possibility of linking the water quality routines to the stormwater drainage
routines should be Investigated and implemented.
-~-~----~~_"",___"",-...---------
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APPENDIX .A
Appendix A Al
LISTING OF PROGRAMS
'*************:i:':;::;**************************~:*'):*********************
'* ADVEt."TIVE WATER QUALITY MODEL *
'* Developed by Musa S. Furumele *
'*..,. MAIN DRIVING MODULE *
'* Vcrston lO " "*
'* " " "Jviarch 1991 :;:
I)
CLS: COLOR 7, 0
IF ED$ ::::."OUtPUT" OR EDS ::::"INPUT" THEN GOSO'B MENU
BOXN;::;:2: BOXTYPIE:::: 0: YIs()X ::;:;:3: X130X::;: 13: BOXLEN~;: ~10
BOX$;;;;:"ADVECTIVE WATER QUALITY MODEL": (JOSUB BOXl: BEEP
BOXN ;;:;4: BOXTYPE :,; 0: YBOX ::; 6: XBOX ;.::15: BOXLEN :.:::54
BOX$::::. ....: GOSIJB BOX1: BEEP
BOXN :;::;6: BOXTYPE ~'"! 0: YBOX ::::7: XB()X :: 16: BOXLEN ::: .s:~
BOX$:: "Developed byM.S.Fmumcle": GOSUE i30.~1:BEEP
BOXN::;:;: 8: BOXTYPE ::: 0; YBOX :::::8: XBOX =: 18: BOXJ.,t:.~N::;:4i!
BOX$ :-;::"Version 1.0": COSUB BOXl: BEEP
BOXN ::: 10: BOXTYPE ::;:0: YBOA' :.: 9: )~BOX ::: 2(J: BOXLEN :.~·,t'i
BOX$ :.~"September 1991 ": GCSUB BOXl: BEEP
BOXN::;: 2: BOXTYPE ::;:(); ).IBOX ::::;11: )~BOX :.:::~-;,?:nOXU"N"::. 40
BOX$:::; "": GOSliB BOXl: BEEP
BOXN ::;:I; BOXTYPE ::;:0; YBOX ::;:20: XBOX ~,:22: BOXL~:iN"· ill
BOX$ = H": GOSUB nOX1: BEEP
COLOR 31: LOCATE 21,30: PRINT"Press [EnterJ to ~]iocced"
INPUT "", ED$: ED$ t:'; INKEY$: IF ED$:::: "" THEN 101
101 CLS: COLOR 7. 0: BOXN~:! 20: BOXTYPE ~ Opi'BOX:::; 3: XBOX;,=: 16
BOXLEN ::;:49: BOX$ :::;"": GOSUB BOXl
BOXN ,:;:1: BOXTYPE:::; 0: YBOX:::: 4: XBOX ~ 21: BOXLl:tN:::; 4C
BOX$ =: "ADVECTIVE WATER QUALITY MODEL"; GOSUB BOX1
LOCATE 8, 20: PRINT "This model is based on the implicit solution"
LOCATE 9.20: PRINT "of tIlt; Saint Venant (DIFFUSION approximation)"
LOCATE 10, 20: PRINT "equations for unsteady flow and the mass"
LOCATE J 1,20: PRINT "mass balance (allowing for decay) equation"
LOCATE 12,20; PRINT' "for pollutant transport in open conduits."
LOCATE 13, 20: PRIr...l"J'"" '"
LOCATE 14. 20: PRINT "The model calculates the. time variations of'
LOCATE 15. 2(): PRINT "flow.water level and pollutant concentration"
tOeA TiS 16, 20: PRINT" at specified positions along a river/strearn"
LOCATE 7,20: PRINT "given the inflow hydrograph .petlutograph and"
LOCATE 18,20; PRINT "riverine properties."
BOXN ::::1: BOXTYPE ~~0: YBOX ::::20: XBOX ::::22: BOXLEN =: 38
BOX$ :"! ttl<; GOSUB BOX1: BEEP
COLOR 31: LOCATE 21, 30: PRINT "Press fEl';"TER] to proceed"
INPUT "", EnS: ED$ .~ iNKEY$: IF ED$ :'::,,,' THEN GOSUB MENU
MENU: CLS: COl,OR 2.4: IF ED$::: "OUTPUT" THEN LOCATE 14.31: COLOR
31
Appendix A A2
-------,-----~,,_.._~"----------.,
BOXN~: 18: FlOXTYPE::::: 0: YBOX == 3: XBOX:::: 17: BOXLEN == 46
BOX$ :;: "": (JOSUB BOX 1
BOXN :;: 1: BOXTYPE .:::0: YBOX ::::4: XBO~' "" 20: BOXLEN = 40
BOX$ = "ADVECTIVE WATER QUALiTY MOnEL":~OSUB BOXl
BOXN::= 1: BOXTYPE:::: 1: YEOX:;.:: 6: XBOX ~~25: BOXLEN::.;: 30
BOX$ ;:::!f MAiN DRIVING MENU": GOSUB BOXI
LOCATE 10,30: PRI!'>.'T"f [Jnput operations"
LOCATE 12,30: l"IUNT "[ l.Start slmulation''
LOCATE 14,30: PRINT If! l.Outpu; operations"
LOCAlE 16, 30: PRiNT ttl .l;End session"
LOCATE W. 31: PRINT "1"; LOC,A.TE 12,31: PRINT "s"
LOCATE 14.31: PRINT "0": LOCATE 16.31: PRINT "E"
COLOR 2. 2: BOXTl{PE ;..:1. YBOX :.::::18: XBOX ;:::28
BOXLEN:;:o 24: BOX$:,: II ENTBR Selection i] ]":GOSUB BOX1
LOCATE 19,49. 1, 1, 10
100 EDS = INKEY$; ED$ ;;:;til. THEN 100
IF ED$ == "I" OR BPS = "i" THEN CHAIN "iNPUT"
IF EDS ::: "S" OR EDS :: tis" THEN CHAIN "COMP"
IF ED$ =: "0" OR EDS :;z no" THEN CHAIN "OUTPUT"
IF ED$ =: "E" OR ED$ ':: "e" THEN END
END
- ........... -~- ..-.---.-~---
BOXl: 'Draws box
COLOR 7.'0
IF BOXTYPE =: 0 THEN BOXI ::: 201: BOX2:= 187: BOX3 =: 20'J: BOX4:=
188: BOXU::: 186: BOXL == 205'
c IF Il'OXTYPE :.:;:'j THEN BOXI ... 1.18: BOX2 !;': 191: BOX3 ::: 192: BOX4 :.:::
217: BOXU ::; 179: BOXL :::;196
LOCATE YBOX, XBOX: PRINT CHR$(BOXl); STRING$(BOXLEN.
CHR$(B()XL»; CHR$(BOX2)
FOR I := 1 TO BOXN
YBGIX ::: "{:BOX+ 1
tOCATE YBOX. XBOX: PRI~i CHR$(BOXU);
LOCATE YBOX, XBOX + BOXLEN r 1: PRINT CHR$(BOXU)
NEXT I
LOCATE YBOX, xsox .;.(BOXLEN - LEN(BOX$» /2: PRINT BOX$;
LOCATE YBOX + 1. XBOX: PRINT CHR$(BOX3); STRING$(BOXLEN,
CHR$(BOXL»; CHR$(BOX4);
RETURN
t--.,-..,----_,._~,--"
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'*****'*.*****************~*****.**********************w***********
'* ADVECTIVE WATER QUALITY MODEL "., *
'''' Developed by Musa S. Furumele *
'* ", lNPUT HANDLING MODULE *
·"'.a " Version 1.0 "' ..~"
.* ,,'"Septenlber 1991 "' *
'*>!t*********.~"':;.:**************,~*****************'1<*******************
OPTION BASE 1
DIM NCH(90). NP(90). LCH(9C), XH90, 50), Y1(90, 50)
DIM QU(50), WLU(50). CU(50). CD(50). WLD(50). QD(SO), T(50)
DIM YMINl(50). YMIN2(50), YMIN(50), YMAX(50), SO(SO)
:DIM A(50). B(SO)
Y$ :::SPACE$(lO): K$ ::;;Y$: SP "', lO: EBS := lie:": J$ <.: "**"
MENU: CLS: COLOR 7. o
]3()XN::: 20: llOXTYPE:::: 0: YBOX::: 3: XBOX:;.: 15: BOXLEN:= 50
BOX$ :;::u": GOSUB BOX1
BOXN ::: 1: BOXTYPE =: 0: YBOX ~':4: XBOX := 20: BOXLEN :::40
J30X$:::; "ADVECI'IVE. WATER QUALITY MODEL": GOSUB BOXl
BOXN =: 1: BOXTYPE :: 1: YBOX :;::6: XBOX ::: 25: BOXI-EN :;::30
BOX$ = " INPUT f,)PERATIONS MODULE": GOSUB BOXl
LOCATE 10.28: PRINT "I J.Cross~section data"
LOCATE 12,28: PRINT "I ].H()undary data ..
LOCATE 14, 28: PRI~~ "I j,Pisplay data echo"
LOCArE 16.28: PRINT "[ [.Prlnt ,.. data echo"
LOCATE 18, 28: PRIl't"T"[ ].Exit , module"
LOCA1'E io, 29: PRINT "C'I. LOCATE 12.29; PRn\IT ItB"
LOCATB 14.29: PRINT "0": LOCATE 16,29: PRINT lip"
LOCATE 18,29: PRINT HE"
COLOR 2,2: BOXTYPE:::: 1: YBOX;-;: 20: XBOX =,,~ 27: B()XLEN:::: 26
BOX$ ==" ENTER Selection :[ ]": GOSUa BOXl
LOCATl~ 21. 49, 1, 1, 10
100 EPS:;:: INKEY$: IF EDS::.: "" THEN 100
IF EnS:: "e" OR EDS:=: "c" THEN GOSUl> csor
IF ED$ :~ "B" OR EJ)$ :::;"btl THEN GOSUB BDOP
IF EDS :=: "D" OR EDS = "d" THE'N GOSUB DISPC
IF EJ)S ::: "P" OR ED$ ;:::"!)" THEN (JOSOB PRNC
IF EDS ::: "E" OR ED$ ::: "e" THEN CHAIN "DRIVE"
END
CSOP: 'process ...CROSS·SECfION data
'.., ~., "" .
CIS: COLOR 7,0
BOXN = 21: BOXTYPE:::: 0: YBOX::::; 2: XBOX:=: 15: BOXLEN::: SO
BOXS~: "'; GOSUB BOX1
BOXN;':! 1: BOXTYPE:::: 0: YBOX:;:: 3: XBOX;, 20: BOXLf~:::: 40
BOX$ ~~" ADVECTIVE WATER QUALITY MODE!"": GOSUB BOXl
BONN :~:1: BOXTYPE:::: 1: YBOX~' 5: XBOX:::, 25: BOXLEN;"." 30
BOX$ :t:: " CROSS~SECn()N DATA "; (JOSUB BOXl
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LOCATE 9,29: PRINT "f 1.DISPLAY existing files"
LOCATI~ 11,29: PRINT !ll ].LOAD existing file"
LOCATE 13.2;1: PRINT tI[ ].CREATE new file"
LOCATE 15. 2?: PRINT "[ J.EDlT data file -e-": J$
LOCATE 17. 29: J?RINT "[ j.SAVE data me --:~";J$
LOCATE 19,29: PRINT "[ }.QUlT to main menu"
LOCATE 9,30: PRINT "D": LOCATE 11,30: PRINT "L"
LOCATE 13.30: PRINT "C": LOCATE 15, 30: PRINT "E"
LO(~ATE 17.30: PRIi\l'T "S": LOCATE 19,30: PRINT "Q"
BOXTYPE::..; 1: YBOX:::.: 21: XBOX =' 28: BOXLEN;: 24
BOX$:::;" E~rrER Selection : [ j": GOSUB BOXl
LOCATE 22, 49, 1, 1, I(I
i10 ED$ ::;;INKEY$: IF ED$ :.::;".. TIIJ-2N110
IF (J$ ~~"" OR .J$ = " " OR J$.""",';**") ANI) (EDS :::.:"S" OR EDS == "s") THEN
GOSUR FDOP: GOSUB SAYEe!
END IF
IF ED$ ::::"D" OR ED$ :-:;:"d" THEN GOSUB DIR 1
IF EDS =: "L" OR EO$ =' ''1"' THEN GOSlJB LDe
iF ED$ ::::"C" OR EP$ ::: "c" THEN MK = 1: GOSUB CCRS
IF EO$ ::;:"E" OR EDS == "e" THEN GOSUB EeRS
IF ED$ :-.;;"s" OR EO$ ::: "s' AND JSi :::: F$ THEN oosus SAVEe
IF EDS ;; "Q" OR EOS =:: "q" THEN GOSUB MENU
CLS : COLOR 7, 0: GOSUB CSOP: RETURN
DiRl: 'mSPLAY existing Data files
' "" ..,,"" .."" ,.. ..
GOSUB CORY: CLS : COLOR 7, 0
BOXTYPE ::: 0: YBOX :.::J: XBOX == 15: BOXLEN ::: 40
BOX$::: "DYNAMIC WAlfER QUALITY MODEL": GOSUl:; BOXI
BOXTYPE:::: 1: YBOX::: 3: XBOX == 10: BOXLEN:-.; 50
BOX$::; "LIST OF DATA FILES ": GOSUB BOXl
COLOR 7, 0: PRINT STRING$(78, 19t0: ON ERROR GOTO ISO
PRINT 1t·.. ··""'"~·~·~".,CRQSS·SECTION"···_·N"--.- .•,.-~,,":COLOR 7. 0
EXT:::! 1: FILES HBS + "*.CS": ON ERR.OR OOTO 150
l~O PRiNT ",,···..···_·····BOUNDARY CO:KDITION-~-·-·--·-·,-·,-·": COLOR 7, (i
EXT:; 2: ON ERROR GOTO 150: FILE'S HBS + "*,l)C"
ON ERROR GOTO 0
tjO GOSUB DIR2: RETURN ,
DlR2: LOC:\TE 23,28: COLOR 31: PRINT "PRES~, ANY kEY TO CONTINUE'!;
COLOR 7, 0: BEEP
140 AS:::::INKEY$; IF AS ::: "" THEN 140 ELSE RETURN
150 RESUME 160
160 PRINT "No existing files ... '': BEEP
ON ERROR GOTO 0: IF EXT::: 1 THEN 120 ELSE 130
RETURN
, .. '*'''''.,.., .. l;!'''' ... '-~_ .... ~ .... ' .. '''' ... Ii'II!< ......... ',.''' ..... ~ ......
CCRS: 'Cij,EATE Cross-section data file
'.,. jlt.,.,"" "' "' 'lO >I"''''' ...
~,-.,-~P-.----.----------------~----------------.~--~,-----
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IF J$ ::;;:"**" OR J$ ::::"" OR J$ :::::;" " THEN GOSUB FDOP: J$ :::::F$
NCRS'"' 1 'Counter-Number of Cross-section,
170 CLS: COLOR 7, 0: ROWI ::: 0
BOXN ~ 20: BOXT';."PE "" 0: YBOX :::::;3: XBOX ::: 15: BOXLEN:= 50
BOX$ :: It": GOSUB BOXl
BOXN ::: 1: BOXTYPE := 0: YBOX := 4: XBOX ::: 25: BOXLEN = 30
BOX$:::: "INPUT Cross-section data"; GOSUB BOXl
IF ROWI ;::.20 THEN 220
LOCATE 8, 26: PRINT "_~~.__-.-~--.--~--.--"
ISO LOCATE 7,26: INPUT "Cross-section no. :-:;.", ED$
IF ED$ =.: "" THEN 180
eRS.!!) ~'"VAI/EDS)
IF CRS.ID > 1 THEN
190 LOCATE 9,26: INPUT "Reach Iength/m) :::::;It, ED$
IF ED$ ::;:H" THEN 190
LCH(CRSJD) ::::VAL(ED$)
END IF
NCH(CRS.ID) ::::.05 'Default value for Manning's roughness coefflcient"
LOCATE 10,44: PRINT "0.0;30"
COLOR 7, 0: LOCATE 10,26: INPUT "Manning's 'n' ... ::: ". ED$
IF EDS ::: "" THEN 200
NCH(CRS.lD) :::VAL(EDS)
200 NP(CRS.ID)::: 4 'Default value number of points
LOCr'.'£ 11,45: PRINT "4"
LOCATE 11,26: [!\1}"UT "Number of points == ", EO$
IF ED$ =: It" THEN 210
NP(CRSJD) ::: VAL(EDS)
210 LOCATE 12,26: PRINT "Co-ordinates of points"
LOCATE 13, 26: PRINT ,,---- ..
FOR 12 :: 1 TO NP(CRS.ID)
ROWl = (12 + 13)
IF ROWl > 23 THEN
IF 12 > 10 GOTO 230
GOTO 170
LOCATE 9, 26: PRIf\:T ".- •.• -.-.---.-.--.- •••~.--••"
220 LOCATE 8, 26: PRINT II Cross-section no. "; CRS.ID; II Continued ": ""
230 ROWl ::: (12 + 3)
END IF
240 LOCATE ROWl, 26: PRINT "Point"; 12; ":::"
LC""'ATE ROW1, 35: PRINT llSING "##.##tI; 0
LOCATE ROWl, 36: INPUT "~ft.ED$
IF ED$ ::: tltI THEN 240
XHCRSJD, 12) == VAL(ED$)
LOCf'TE 1~OW1, 43: PRiNT ":"
250 LOCAfE ROW1, 44: PRINT "Elevation"; I2~ ":::."
LOCATE ROWl, 57: PRINT USING "##.frW'; 0
LOCATE ROW}, 58: INPUT "", ED$
IF EDS ::: "" THEN 250I
,/
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Yl(CRSJD. 12)::: VAL(ED$)
NEXTI2
'Input another Cross-section,
....., .........- ....""..- ..............*'- .......~.:........"
CLS: COLOR 7, 0
BOXN ::.:10: BOXTYPE :: 0; YBOX ::::3: XBOX ::: 15: BOXLEN ::::50
BOX$ ::= tltI: aOSUB BOX1
BOXN ::::;1: BOXTVPE :=: 0: YBOX := 5: XBOX == 25: BOXLEN :: 30
BOX$ ::: "CROSS-SEcnON : INPUT MODULE": GOSUB BOXl
BOXN ~.::1: BOXTYPE ::: 1: YBOX :::.9: XBOX :::::25: BOXLEN ::: 30
BOX$ :;::" ANOTHER CROSS~SECTION ? r ]": GOSUB BOX}
260 LOCATE 10, 52: ED$ ::::INKEY$: IF ED$ := tttl THEN 260
IF ED$ ;::;"Nil OR BD$ ::-.::lin" OR ED$ ::: '''' THEN CLS : GOSUB CSOP
NCRS :::NCRS + 1
GOTO 170
RETUi~""i,
1'! "' __ '
ECRS: 'EDIT Cross-section data
• ................... - ~- ...
IF J$ :::;"**" OR J$ ::::1111 THEN
CLS : COLOR 7, 0: BEEP
BOXN:::: 15: BOXTYPE,= 0; Y80X :::2: XBOX :::::15: BOXLEN :::50
BOX$ ;: "": GOSUB BOX1
BOXN ::::1: BOXTYPE ::: 0: YBOX ::::3: XBOX :;::20: BOXLEN ,'::40
BOX$::" ADVECTIVE WATER QUALITY MODEL": GOSUB BOX!
BOXN:= 1: BOXTYPE ::::1: YBOX::;: 5: XBOX :::25: BOXLEN ::: 30
BOX$ ::::" CROSS-SECTION DATA ": GOSUn BOX1
aOXN = 3: BOXTYPE ::: 1: YBOX' ::: 10: XBOX :::25: BOXLEN = 30
BOX$::= "PI"eSS {Enter] to proceed": GOSUB BOX1: BEEP
COLOR 31: LOCATE 11,29: PRINT "Filename not specified"; COLOR 7, 0
INPUT "", ED$: ED$:::: INKEY$: IF ED$:::: "" THEN GOSUB FOOP
ENDJF
UP: 'UPDA TE a Cross-section
CLS : COLOR 7, 0
BOXN::: 20: BOXTYPE :::::0; YBOX := 3: XBOX ::::15; BOXLEN :;:;50
BOX$ =: lilt: GOSUB BOXl
BOXN ::: 1: BOXTYPE = 0: YEOX :::4: XBOX :::25: BOXLEN :: 30
BOXS::;;:"EDIT Cross-section datil"; GOSUn BOXl
LOCATE 8, 28: PRI~'1' "--------"----------~- __-"
270 LOCATE 7.28: INPUT "Cross-section number e ",ED$
IF EDS = "" THf.:N 270
11 ::::VAL(ED$)
IF I1 > 1 THEN
LOCATE 9,26: PRINT "Reach length(m) :;;:"
LOCATE 9,44: PRINT USING "####.##"; LCH
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LOCATE 9,44: INPUT "", LCH
END IF
COLOR 7, 0: LOCATE 10, 26: PRINT "Manning's 'n' ... :"
LOCATE 10, 45: PRINT USING "#.###"; NCH(Il)
LOCATE 10,45: INPUT "", NCH(Il)
COLOR 7, 0; LOCATE 11,26: PRINT "Number of points e"
LOCATE 11,44: PRINT NP(I1)
LOCATE 11,45: !l\TPUT"", ED$
IF ED$ = "" THEN 280
NP(I1) :::VAL(ED$)
280 COLOR 7. 0: LOCATE 12, 26: PRINT "Co-ordinates of points"
LOCATE 13,26: PRINT "_.__~~••~-••-~.--.----"
FOR 12 :.~1 TO NP(Il)
LOCt (12+ 13),25: PRINT "Point"; 12; ":::;"
LO' TE (12+ 13).33: PRINT USING "###.##"; Xl(I1, 12)
LOCATE (12+ 13),35: INPUT "", X1(Il, 12)
COLOR 7, 0: LOCATE (I2 + 13),43: PRIl\1T ":"
LOCATE (12+ 13). 43; PRINT "Elevation"; 12; "="
LOCATE (12+ 13).56: PRINT USING "###.##"; virn, 12)
LOCATE (12+ 13).56: INPUT "", Y1(I1, 12)
NEXT 12
BOXN:.:: 1: BOXTYPE:i:: 1: XBOX == 16: YBOX::::: 10: BOXLEN = 50
BOX$;:: ."ANOTHER CROSS· SECTION (YIN) I] ": GOSUB BOXl
LOCATE 17.28: ED$::.: INKEY$
IF ED$"<';;"Y" OR ED$ ::.:"yU THEN GOSUB UP ELSE RETURN
, '.,_ _"' "".-- "" .",_ ..
FDOP: 'Filename and Drive Operation
, __ ""' _ _ m
CLS . COLOR 7. 0
BOXN ;::20: BOXTYPE :;::0: YBOX ::;::3: XBOX ::: 15: BOXLEN :::50
BOX$ ::: "": GOSUB BOXI
BOXN::: 1: BOXTYPE ::;::0: YBOX = 4: XBOX ::= 20: BOXLEN:= 40
BOX$::: "ADVE(.iIVE WATER QUALITY MODEL": GaSUB J30Xl
BOXN = 1: BOXTYPE ::: 1: YBOX 0:: 6: XBOX = 25: BOXLEN ...,30
BaX$:.: "!\TEWDATA FILES"; GOSUE BOXl
BOXN::: 1: BOXTYPE;:: 1: YBOX:: 9: XBOX::: 25: BOXLEN::: 30
BOX$ =: "Insert DATA DISK in DRIVE II + BB$: GOSUB BOXI
LOCATE 13.30: PRINT "ENTER FILENAME ;": COLOR 31
LOCATE 16.25: PRINT "Press [Space Barl to change DRIVE ": COLOR 7, 0
LOCATE 19,25: PRINT" Press [ESC] to abort";
LL :::0: CY ::: 13: ex :;:47: K$ ;;::F$
X::;::0: F;;::.: SPACE$(20): WLEN:::· 8
290 LOCATE CY, CX + X. 1
300 AS :::.:INKEY$; IF A$ :::"" OR LEN(A$) = 2 THEN 290
K :::::ASC(A$): IF K = 5 OR K ::: 12 OR K = 24 THEN 290
IF (K := 13 AND X ::: 0) OR K ::! 27 THEN F$ ;:: K$: RETUR.~
IF A$ <>" "THEN 310
IF BB$ ~,;:"A:" THEN BB$ :;::liB:" ELSE IF BB$ = ItB:" THEN BBS '= "C:"
--------------._,---'"----_ ..._----
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ELSE BB$ ::: "A:"
COLOR 31: LOCATE 10,52: PRINT BB$; : COLOR 7, 0: GOTO 290
310 IF K::: 46 THEN 300
IF K ::: 13 THEN F$ ::: LEFf$(F$, WLEN): T := 1: RETURN
320 IF X <: 1 AND (K::: WLEN) THEN LOCATE CY, ex: PRI~'T" ": LOCATE
CY, ex: BEEP: GOTO 290
111'K :: 39 OR K::.: ¥lLEN THEN A$::::: .. ": GOTO 330
X c.: X + 1; IF X > WLEN THEN X ::::WLEN: GOTO 290
PRINT AS;
330 IF X :;:0 THEN BEEP: GOTO 290
MID.$(F$. X, 1) :::AS
IF K :::::WLEN THEN LOCATE CY, ex + X: PRINT A$: X :: X-I: LOCATE
CY. ex + X: PRIN~r A$: LOCATE CY, ex + x
GOTO 290
J$::;: FS
CLS : COLOR 7. 0: RETURN
SAvsci: RESET
OPEN "I", #1. BB$ +-F$ + '''CS'': CLOSE #1
LOCATE 16,25: COLOR :31: PRI1\TT" Filename already in Diskette
"
LOCATE 18, 25: PRINT 11 [O]vewnte (C]hange tAlbort "; : COLOR 7, 0
340 A$::: INKEYS: IF A$::: lit, THEN 340 <;'
S ::: "0" OR AS ::::"0" THEN K ~::999~ (jOTO 350
iF A$ ::: "C" OR AS =- "e" THEN
J$ ;:.:;"": GOSUB FDOP: GOSUB SAVEe: GOSUB CSOP
END IF
IF A$ :;: "A" OR. AS ::: "a" THEN
F$ ::: K$: GOSUB CSOP
END IF
BEEP: GOTO 340
RESUME 3S0
350 CLOSE : SV$ ::: F$: GOTO 360
'., <;00"" -
SA VEe: 'SAVE data into :files
SV$:::: JS
360 CLS : LOCATE 11, 38: PRINT "Saving"
BOXN:::: 1: BOXTYPE:::: 0: YBOX ,'Z 13: XBOX::: 32: BOXLEN::: 17
BOX$ :: SV$ .;. ".es": GOSUB BOXl
SV,,,, 1
WLEN =: INSTR(l, FS. ",")
IF WLEN >- 0 THEN F$ :: LEFTS(F$, WLEN - 1)
, ""<n,,_ _ __
'Saving cross-section data
• ............ "'.... ,...... ,_'..._ ..... a .. ·...... _ ..... _
OPEN "0", #1. BB$ + FS + ".CS"
PRIN1' #1.. NCRS
FOR 11::::1 TO NCRS
---------------------------------------------------
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PR!NT #1,11, LeB, NCH(J1), NP(I1)
FOR 12 ::: 1 TO NP(Il)
PRINT #1, xrrn. 12), Yl(I1, 12)
N"'EXT 12
NEXT I1
CLOSE 4H: J$ == F$: RETURN,................. __ - _
DISPC: 'DISPLAY Cross-section data:
' , "' "",,, , - -- ...
COSUS LDC: GOSUB LOB: CLS: COLOR 7, 0
FOR 11 ::: 1 TO NCRS
BOXN ::;:20: BOXTYPE :: 0: YBOX :."::3: XBO:'" - 15: BOXLEN ::::SO
BOX$ ::: '": GOSUB BOXI
BOXN"" 1: BOXTYPE ::: 0: YBOX :0: 4: XBOX :::25: BOXLEN ::: 30
BOX$:-;: II CROSS-SECTION DATA": oosus BOXl
LOCATE 8) 32: PRINT "-----.------,.--~--,,
370 LOCATE 7, 32: PRINT "Cross-section no. "
LOCATE i.48: PRINT II
IF 11> 1 THEN
lOCATE 9,30: PRIN'l' "Reach lenglh(m) := "
LOCATE 9,41: PRINT USING "#####.##"; LCH
END IF
LOCATE 10, 30: PRIl\"1' "Manning's 'n' :::"
LOCATE 10.48: PRINT USING "#;f#ffl"; NCH(Il)
LOCATE 11, 30: PRINT "Co-ordinates of points"
LOCitATE12. 30: PRINT "••------.- ••----------,.
FOR. 12::: 1 TO NP(I1)
ROW:=: 13
COL:;; 8 * 12 + 20
IF COL> 60 Tam·;
ROW: ROW + 3: COL ~ g * 12 - 21...
IF 12> 10 THEN ROW:;: ROW + 3: COL:::: 8 * 12 - 50
END IF
LOCATE ROW, 21: PRINT "Point"
LOCATE ROW, COL + 1: PRINT "__"; 12; "--"
LOCATE ROW + 1.22: PRINT" Xl="
LOCATE ROW + 2. 22: PRINT" Yl="
LOCATE ROW + I, COL: PRINT USING "##tt#.#~fil; X1(Il. 12)
LOCATE ROW + 2, COL: PRINT USING "##:i4f.##"; Yl(Il, 12)
NEXT 12
BOXN::: 1: BOXTYPE::: 1: YBOX::: 20: XBOX;:: 19: BOXLEN:: 44
BOX$ :: "[A]bort OR view [N]cxt OR [Plrevious ": GaSUB BOXl
380 A$ ::: INKEY$
IF AS ::: "" THEN 380
IF A$ ::: "An OR A$ ::.:"a" THEN 400
IF A$ ::: "N" OR AS :-::"nil ';HEN 390
IF AS::: "P" OR A$::: "p" AND 11 > 1 THEN 11 :: 11 - 1: GOTO 370
390 NEXT 11
AlO
------------,--------------.)
400 BOXN ","'1:BOXTYPE::: 1: YBOX:::,: 70: XBOX =: 19: BOXLEN:: 44
BOX$ "" "[Albort OR view [Bloundary conditions": GOSUB BOXl
~10 A$ :.:::!NKEY$
IF AS:::: "" THEN 410
IF A$ ::; "A" OR A$ := "a" THEN GOSUB MENU
I;: A$ =: "B" OR AS ~ lib" THEN 420
420 CLS: C';-iLOR7, 0: BOXN e- 20: BOXTY?E "" 0: YEOX =: 3: XBOX ::= 15
BOXLEN:::: 50: BOX$ :::::"": aOSUB BOX]
430 BOXN::.: 1: BOXTYPE:;: 0: YBOX:.: 4: XBOX '::';25; BOXLEN:: 32
BOX$ := "BOUNDARY CONDITIONS": GOSUB BOXl
IF EDS:.: "$$1" THEN 490
LOCATE 7, 25: PRINt "UPSTREAM CONDITIONS"
LOCATE 8, 25: PRINT .... M •• M •• AAC.~~ •• ".~.~ ..
LOCATE 9, 25: PRINT "Simulauon duration (mins) == "
LOCKfE 9, 53: PRIl'."T USING "###,#W'; SDU
440 LOCATE 10, 25: PRINT "Time step (mins) == "
LOCATE 10,53: PRINT USING "##:f:i:.##"; TSU
450 FOR 1'% ::: 1 TO NTSU
:F T% <= 10 THEN ROW == T% + 13
IFT% > 10 AND T% <= 20 THEN ROW::.:::T% + 3
IF T% > 20 THEN ROW:;: 'f% . '7
LOCATE 12.20: PRINT "T (mins)": L:,)CATE 13.20: PRINT "~----~--"
LOCATE 12. 30: PRINT "Q (cumecs)": LOCAtB 13, 31: PRINT ,,-------.."
LOCA'fE 12,43: PRINT "\vL (m)": LOCATE 1::, 43: PRINT "~.--~---"
LOCATr~ 12. S:j,)PRINT "e (mg/l)": LOCATE 13,53: PRINT " ..
TIME::: (1'% ~ 1) * 1'SD: LOCATE ROW', 22: PRINT TIME
LOCATE ROW, 29: PRINT USING "####.##"; QU(T%)
460 LOCATE ROW, 42: PRINT USING "###.##"; WLU(T%)
470 LOCATE ROW, 52: PRINT USING "###.##"; CU(T%)
480 NEXTT%
LOCATE 22. 27: INPUT "Press [Enter] to continue", EDS
EDS;:: INKEY$: IF EDS::: "" THEN ED$ ~'::"$$1": GOTO 430
490 LOCATE 1. 25: PRINT "DOWNSTREAM CONDITIONS"
LOCATE 8, 25: PRINT "-----....----.- ••~.~--"
LOCATE 9,25: PRINT "Simulation duration (mins) ;:: "
LOCATE 9, 53: PRINT lJ3tNG '''###A#h SDO
500 LOCATE 10.25: PRINT "Time step (mins) = II
LOCATE :0, 53: PRINT USING "###.##"; TSD
510 FOR T% ::::1 1'0 NTSD
IF T% <::.: 10 THEN ROW:::: Tc;'{,+ 13
IFT%:> 10 AND T% <= 20 THEN ROW::: T% + 3
IF T% :> 20 THEN ROW :;.:T~:(i- 7
LOCATE 12,20: PRINT "1' (mins)": LOCATE i" 20: PRINT "~- "
LOCATE 12. 30: PRINT 11~!(CIJn1,'!cs)": LOCATe 13, 31: PRINT "-~•.•---"
LOCATE 12,43: PRINT ·'WI....(m)": LOCATE 13.43: PRlI\i"T "----"---"
LOCATE 12,53: PRINT "C (mg/l)": LOCATE 13.53: PRINT -, ••_---.."
TIME:::: ,T% - J.) * TSD: LOCATE ROW. 22: PRINT TIME
LOCATF ROW, 30: PRINT USING "###.##"; QD(1'%)
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520 LOCATE now, 42: PHINT USING "###AI#"; WLD(T%)
530 LOCATE ROW, 52: PRINT USING "###.##"; CD(TSo)
540 NEXT TIf(:
LOCATE 22, 27: INPUT "Press [Enter] to continue", ED$
EDS ~ INKEY$: IF ED$ ::;::"" THEN GOSU3 MENU
RETURN
'6 " " •• '.r .,. .- "" "' _ u~-....
P~~NC:'PRINT Cross-section data echo,
~<.~~~"'.,.~~ '""''''''''~.'''''.''' .,.. ,.~ ..
r P R N '1' C ( 5 )
,LPRINT SPC(5); tll~DVt::(;T.!VEWATER QUALrI").'· MODEL"
LPRINT tt"
i..,PRINT SPC(5); "Developed by Musa S.FummcJlf'
LPRINT S.PC'{5.);"Version 1.0"
LPR.iNT SPC(5): "September 1991"
L P R I N T S P C (, 5 )
LPRJNT ""
LPRIN1 SPC(5): 'TJESCRIPl'ION : "
LPRINT 'H
U'RINT 8PC(5); "--., ..... "e"" ---~ ••"" ."w •• _"
Ll'iUNT 8PC(5); "CROSS·SBCTION DATA ECHO"
I.PRINT SPC(.5); "FjLE"l~AME : It; J$ -i- ".CS"
LPRINT SPC(5); "_.~»..~.~,, " ~.""""'W"
tHI
'-PRINt SPC(5); "..•w " "'".o ••••• .;"
LPRINT SPC(5); "Cross·sc~~li(,nIlO."; 11
Lf'RINT SPC(5); tt._ ..••. M ..... '".~ ...... .,"
LtJR'lNT SP;;7:{:5:t\"Reach lm:glh (m) :0;: ": USING "##:fUf..##"; LeH(Il)
LPRIN r SPC'S); ;~~anning's'n~ ~:::It; USmG t':ff:.###"; NCH(I1)
LPRINT "" "
LPIUNT 81'('(5); "('o·i\-4rdinJws"
l.PRINT SPc,5): ,i".d ••'~""""""
LPRfNT SPC(5); "Point"; SPC(6); "XHm)"; SI'C(S); "Yl{m)"
LPRINT SPC(S); "....."."; SPC(4); ",."..".• tt SPC\:i); "®~........ It
FOR 12 .;;;1 TO NP(I1.'
LPRINT USING "####.##"; SPC(::!): 12; 8PC(4); X1(I1, 12); SPC(4); Y.\1,lL
NEXT 1:1
LPRINT SPC(S); ""."M n••••••••• 1t
NEXTH
REiliRN
'(I '\
•••••••• ".~•.'""""""" .... "."~$..., ••,,......
PRNB: 'PRINT BOlllldmy emliJitioIlS dat~;echo
LPl1.IN T s p C ( 5 )
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LPRINT SPC(5); "ADVECnON WATER QUALITY MODEL"
LPRINT til,
LPRINT SPC(S): "Developed by Musa S.FUfUlllc1e"
U?RINT SPC(S).; "Version 1.0"
LPRINT SPC(5); "September 1991 "
LPRiNT SPC(5)
LFR1NT till
LPRINT SPC(5); "DESCRIPTION : "
LPRIN'f H"
I.PRINT SPC(S): ", u .,"
LPRINT SPC(S); "BOUNDARY CONDITIONS DATA ECHO"
LPRINT SPC(5); "FILENAME ~ "; J$ + ".Be"
LPRiN1· SPC{5); " --..~.- -••_ "
Ll'.RINT ""
LPRIN"l' SPC(5): ,,_..•••.••••..•• "..••• "..••_-_ _-_ " __ _"
LPRINT Spe(5); \I_ •••••• --~ ••• ~ -"
LPRINT SPC(5); "Upstream conditions"
LPRliNT SPC(5); "••••.._ "
l~f'R!NT .,,'
j(.PR1NT 81'(:(5); "T(mins),,; "Q(cumccs)"~ SPC(2); "WL(m)"; "C(mg/l)"
LPRINT SPC(5); "••••••• "; "..,..•_."._"; "._••~~_n; "_.,q_"_~"
FOR T<;:, ::::1 TO NTSU
LPRll\'1' SPC(5); T(T%), SPC(5): Qti(1'%); SPC(5): WLU(Tl';;); SPC(5);
CU(T%)
NEXTT%
LPRINT SPC(5); "_••••.• _••• -•..-......-••- ..-.",-.-- ••••..••~-••• -.,••_..•II
LPRINT un \.
LPR!NT SPC(5); "_>_.__ .~__,,__ ~ .•_...':;ln
LPRINT SPC(5); "Downstream. conditions"
LPRtNT Spe(S,; "" · n _ •••• "
LPRINT SPC(5); ""
I.PRINT SPC(5); "T(mins)"; "Q(cumecs),,; SPC(~); ",\~L(m)"; "C(mgll)"
tPRl~T f.~PC(;)};"•••h •• ."; n••••••••• "; ; " ••••• , •• "
FORi q'% ~ 1 TO NTSD
Ll"AINT SPC(S); 1'(1'%); SPC(5); QD(T%); SPC(5); WLD(T'jii); SPC(S)' (;(1'%)
NEiTT'}~;
LPRINT SPC(5); ,,~.--••~.-.-- ..... __••••~~,..... u~."""U".._"..."_"" ....__"U~...
oosun MENU: RETURN
,_ ,~.., - ...
tDe: 'LOAD existing Data me,
."..u n .." _.,_
1.1. :.::1: MRO ~"0: GOSUB CDR\{: CLS : COLOR 7. n
IF K ::~27 THEN IF MRG :> 0 THEN MRG:;; 0: 00'['(J CS(i~)
nOXTYPE 1:~ 0: YBOX::;:; 1: XBOX;.;: 15: BOXLEN .;:,:,t')
BOX$ "7' "ADVECTIVE WATER QUf\UTY MOrJcL"; GOSUl) BOXl
BOX.TYPH:::; 1; YB()X :::;:3: XflOX "" '1: BO:lLEN ,; 7.~: BOX$ ':::! lilt: GOSUS
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BOXl
x::::0: LOCATE 6,1,1.12,12; ON ERROR ooro 720
FILES BB$ + "*.CS"; PRINT STRING$(77, CHR$(205»
550 ON ERROR GOTO 740
BOXTYPE::: 1: YBOX:.:::20: XBOX "" 1: BOXLEN:::; 75: BOX$::: "": GOSUB
BOXI
560 ON ERROR OOTO 0: LOCATE 21, 15: COLOR 31
PRINT "[ESC] to Abort [ENTER] to Confirm selection";
COLOR 7. 0: K$ >:'!: F$: CY:::: 7: lY:;::::4: ex == 1: JX:::: 1
:.:~'''I: W.D~:::12.:FILE$ ::::"": TYP:::: 0
570 PILES"" ..": FOR Z:-.: 1 TO 12
FILE$ ~:..HLE$ + ('HR$(SCREEN(CY, ex -I- Z - 1))
NEXTZ
IF FILES ~ n " THEN ex ';:';JX: CY :;::JY: FILES:::. F$: GOTO 590
IF INSTR(FILE$. CHR$(205) :> 0 AND K;.:-·72 THEN BEEP: CY:= cv ~1:
GOTO 710
IF INSTR(FILES, CHR$(205)) > 0 AND K == 80 TRbN 580 ELSE 590
580 BEEP: CY = Cy + 1: (JOTO 710
590 TYP;:: 0: LOCATE CY. ex: COLOR 0, 7: PRINT FILE$; ; COLOR 7. 0
LOCATE 4, 10: PRINT "Loading :"; COLOR 31
LOCATE 4, 20: PRINT "CROSS-SECTION nATA"
LOCATE CY. CX:,..COLOR 31: PRINT FILES; ; COLOR 7, 0
LOCATE 4. 40: PRINT "Filename: "; : COLOR 0.7: PRINT FILES
600 COLOR 7. 0: KK$;:,: INKEY$: IF KK$::;; I'll THEN 600
IF LEN(KK$) ::: 1 THEN K "" ASC(KK$) ELSE K ;:,ASC(MID$(KK$, 2, 1))
JY ;, CY: JX:::: ex: F$:t. FILES
IF K::: 27 THEN 610 ELSE 620
610 IF MRG <> 0 THEN MRG :: 0: OaSUB CSOP ELSE :t',,1RG~ 0
620 IF K <> 13 THEN 660
IF M~.,G<> 3 THEN 650
ON ERROR GOTO 640
, 630 MRO e, 0: F$ ::::K$; aOSUB CSOP
640 RESUME 630
,650 IF MR(i =, 0 THEN '(jOTO LC
660 IF K = 72 OR K ~ 5 17),IEN 670
IF K ::: 80 OR K ::: 24 tHEN 680
IF K ::-.:77 OR K :: 4 THEN 690
IF K::: 75 OR K ~~19 THEN 7(X) 'LF
aOTO 6(}{)
670 IF CY <:-;, 4 THEN 600 ELSE CY:-e!CY - 1: 001'0710
68G if CY >== 24 THEN 600 ELSE CY :: cy ...1: GOTO 710
690 IF ex >= 66 THEN 600 ELSE cx - ex + 18: GOTO 710
700 IF ex <= 1 THEN 600 ELSE ex:.;:ex" 18: GOTO 710
710 LO~ATEJY. JX: PRINT F$: GOTO 570
720 RESUME 730
730
740
750
'UP
'DWN
'RT
X~.X+l
RESUME 150
IF X :~~0 THEN (JOSUS 560 ELSE LOCATE 12,28: PRINT "No eRS u
----------,------------.--------=-_.----------------
Apl)Cndix A A 14
-~,~--------------------------
LOCATE 25,1: PRINT STRING$(40, " "); : BEEP: GOSUB DIR2
LOCATE 22, 1: COLOR 7. 0; PRINT S'I'RING$(78, CHR$(196»
LC: SV =: 0: CLS : LOCATE 10, 37: PRI~"T "LOADING"
BOXN :.:::J: BOXTYPE:::.:: 0: YBOX :!:: 12: XBOX ::::32: BOXLEN ::: 16
}3(}X$:;:rs + ".CS": GOSUB BOXl
OPEN "I", #1, BB$ + F$
INPUr #1, NCRS
FOR 11 ~~1 TO NCR.s
INPUT #1,11, LCH, NCH(I1)., NP(I1)
FOR ::: 1 TO NP(Il)
INPUT #1, X1(Il. 12), vim. 12)
NEXT 12
NEXT 11
CLOSE #1: J$ ~ MiD$(f$, 1. INSTR(F$, ".") " 1): RETURN
"' ~ .._ - ..-..,..,~ ' """' "" ""... {~I
SDOP: 'process ..BOUNDARY CONDITIONS data,
CLS: COLOR 7.0
BOXN :::.::21: BOXTYPE :::.::0; YBOX :::2: XBOX ::;.:15: BOXLEN:= 50
BOX$ ::: H"; cosus BOXl
BOXN:::.::1: BOXTYPE :::.::0; YBOX ::: 3: XBOX :=20: BOXLEN :::.::40
SOX$ :: .. ADVECTIV£ WATER QUALITY MODEL": GOSUB BOXl
BOXN ::::1: BOXTYPE ;:. 1: YBOX ::.5: XBOX :::25: BOXLEN ::-;:;30
Ih:'X$ :: II BOUNDARY CONDITIONS DATA ": GOSUS BOXI
LOCATE 9.2.9: PRINT "I l..m~PLAY existing fil(~n
LOCATE 11,29: PRINT "l ]..LOAD exixting file"
LQCATE 13,29: PRINT "I J ..CREATE new file"
LO\\:ATE 15. 29: PRINT "I J ..EDlT c.'ata filcw.:."; J~~
LO~~ATE 17,179: PRINT "I ]..sAVE data filc··:~"; J$
LOCP\\TE 19.29: PRINT tI[ J ..QUIT to wain menu"
tOCATE 9, 30; PRINT "0"; LOCATE 11 30: PRINT "L"
LOCATE 13.30: PRINT "e": LOCATE 15,30: PRINT "E"
LOCATE 17.30: PRINT "8": LOCATE 19,30: PRINT "Q"
nOXTYf~E =: 1: YBOX:= 21: XBOX::: 28: B0XLEN:: 24
.BOX$ :: " ENTER Selction : [ l": GOSUB BOX~
LOCATl~ 22,49, 1, 1, 10
76() ED$ = INKEY$; IF EDS ::: t-u THEN 760
IF 0$ ~.~""OR JS :.;:"**") AND (£0$ :;~tiS" OR ErJ~'· "s") THEN
GOS(1B Ff)OP: oosns SAVB 1
END IF
IF ED$ ~.::"0" OR ED$ ::; lid" THEN GOSUB DIRI
IF EOS ::; "t" OR ED$ ;:::"I" THEN EDS.::: "Be": (JOSUB LDB
1~ EDS ~ "e" OR ED$ ::; "en THEN (JOSUB INBD
IF EDS ~;;"E" OR ED$ = "e" THEN (Josue EBND
IF ED$ "" flS"OR ED$ :::;;"s" AND J$ :::F$ THEN ED$ ::; "Be": oosus SAVB
IF ED$ :":"Q" OR EOS; :::."q" THEN GOSlJB MENU
CLS : COLOR 7, 0: (JOSUB anor- RETURN
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INDD: 'INPUT Boundary Conditions data
' "" 0 ,;.
770
CLS : IF J$ ,<> F$ THEN GOSUB FDOP; J$ :.::F$: CLS ; COLOR 7, 0
BOXN :;;z 20: BOXTYPE ::::,0: YBOX ::::3: XBOX ::.~15: BOXLEN ::.:50
BOXS ::::"": GOSIJB BOX1
BOXN::-: 1: BOXTYPE :;:.:0: YBOX :: 4: XBOX ::::25
BOXLEN:=: 32: BOX$ == "INPUT Boundary conditions data": GOSUB BOXl
IF ED$:::: "$$" THEN 810
LOCATE '7, 25: PRINT "UPSTREAM CONDITIONS"
LOCATE 8, 25: PRINT ..~~__"_~~._.~d_.. ._"
LOCATE 9, 51: PRINT USING "#.##"; 0
LOCATE 9,25: INPUT "Simulation duration (mins) :: fI, ED$
IF ED$ =: un THEN 780
SJ)U =: VAL(ED$)
LOCATE 10, 25: INPUT "Time step (mins) ::: ", EOS
IF ED$ ::;:"" THEN 790
TSU ;- VAL(ED$)
NiSH ::: INT(SDU I TSD) + 1
FOR T'~' ;;::1TO NTSU
IF T% .:,= 10 THEN ROW::; T% + 13
IF T% > 10 AND T% <== 20 THEN ROW::;: T% + 3
IF T% > 20 THEN ROW::: T% • 7
H~T%;,. 30 THEN ROW::. T% ~ 17
IF '1'% > 40 THEN ROW :-~Tt1(i - 27
LOCATE 12, 20: PRINT "T (ruins)": LOCATE 13,20: PRINT "•..--~.--"
LOCATE 12.30: PRINT "Q (cumecs)": LOCATE 13.31; PRINT "••---- ..."
LOCATE 12,43: PRP''''' "WL (m)"~J,~CATE 13.43: PRINT "__u .... "
LOCATE 12.53: PRL ' -c (mgl.l),,:1:0CATE 13,53: PRINT "---*---."
TiME := (1'% - 1) II< TSU: LOCATE ROW, 22; PRINT TIME
LOCATE ROW, 30: PRII\'T USING "#f##.##"; 0
LOCATE ROW, 32: INPUT "", QU(1'%)
LOCATE ROW. 42: PRINT USING "###.##"; ()
LOCATE ROW, 44: INPUT til', WLtJ(T%)
LOCATE ROW, 52: PRINT usnso "###.##"; o
LOCATE ROW, 54; INPUT "", CU(T%)
NEXl'T%
EO$::.~"$$": GOTO 770
LOCATE 7. 25: PRINT "DOWNSTREAM CONDI110NS"
LO(,A TE 8, 25: P!UNT "_.__,.••c. •• _ •••• ". t:
LOCATE 9. 51: PRINT USING "#.#if'; 0
LOCATE 9,25: INPUT "Simulation duration (mins) := ", EO$
IF ED$ ~ .111 THEN 820
son::: VAL(ED$)
LOCATE 10.25: INPUT "Time step (mms) = ", ED$
iF EDS ::;::"'\ THEN 830
TSD == VAL(ED$)
NTSD ::.:IN'n:SDD I TSD) +. 1
FOR 'f';:{j:= 1 TO NTSD
780
790
800
810
/1520
830
~-.-~----,--------------------
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. IF T€J;·,<::::: 10 THEN ROW::::: T% + 13
IF T% :> 10 AND T% <== 20 THEN ROW::: T% + 3
IF T% :> 20 THEN ROW:::: T% - 7
IFT% > 30 THEN ROW:;: T% - 17
IF 1'% :> 40 THEN ROW:::: T% - 27
LOCATE 12.20: PRINT "T (minsj": LOCATE 13,20: PRINT " ~_--"
LOCATE 12,30: PRINT "Q (cumccs)": LOCATE 13. 31: PRINT ,,----••-"
LOCATE 12,43: PRINT "WL (m)": LOCATE 13,43: PRINT ".--~----"
LOCATE 12,53: PRH'lI"C (mg/l)": LOCATE 13.53: PRINT "_...._-----"
840 TIME ~ (1'% ~ 1) * TSD: LOCATE ROW, 22: PRINT Tn vm
LOCATE ROW, 30: PRINT USING "###,##"; 0
LOCATE ROW, 32: INPUT "", QD(Tl}{I)
LOCATE ROW. 42: PRINT USING "###.:ff#"; 0
LOCATE ROW, 44: lNPlJT "", WLD(T%)
LOCATE ROW, 52: PRINT USiNG "###.##"; ()
LOCATE ROW. 54: INPUT "", CD(T%)
NEXTT%
RE.TDRJ~·
•...... '" "'" _ --- .
BBND: 'EDIT Boundary conditions data
, Iit •··.. _'~ h_ ~'>10 .
IF .~.::: "**" OR J$::: "" THBN
CLS ; COLOR 7, 0: DEEP
BOXN ::::15: B'JXTYPE ;; 0: YBOX :::2: XBOX "'"15: BOXLEN == 50
BOX$ ::: "I': GOSUB BOXl
BOXN;; 1: BOX'l'VPE::::: 0: YB()X::: 3: XBOX:::: 20: BOXLEN::: 40
BOX$:::: II ADVECT.lVE WATER QUALiTY MODEL": GOSUS EtOXl
BOXN:::: 1: BOXTYPi~ ::::1: YBOX ::::5: XBOX =: 25: BOXLEN ;:: 30
BOX$ ::: II CROSS~SECrION DATA ": (JOSUB BOXl
BOXN -::;:3: BOXTYPE:;::; 1: YBOX::: 10: XBOX::: 25: BOXLEN:::: 30
BOX$ = "Press [Enter} to proceed": GOSUB nOXl: BEEP
COLOR 31: LOCATE 11.29: PRINT "Filename not specified": COLOR 7,0
INPUT "", ~D$: Ens:::: INKEY$; IF EDS:::: "" TUEN GOSUB FDOP
END IF
CLS : COLOR 7, 0: BOXN ::: 20: BOXTYPE ::.::0: YBOX ::: 3: XBOX ::.~15
BOXLEN :;; 5(J~BOX$:::: '''': GOSUB eoxi
850 BOXN:;:; 1: BOX1'YPE:::: 0: YBOX::;: (~:XBOX:::; 25: B()XLEN:::: 32
!jOX$ ::::"EDIT Boundary conditions data": GOSUB BOXl
IP EDS:::: "$$" THEN 910
LOCA.TE 7,25: PRINT "UPSTREAM CONDrTIONS"
LOCATE 8, 25: PRINT "~.-~---"-.--.--.-.*"
LOCATE 9,25: PIUN'I' "Simulation duration (mins) « It
LOCATE 9, 53: PRINT USING "###.##"; SDU
LOCATE 9,54: INPUT til" ED$
IF ED$ =-" Ittl THEN ~60
Sf)U :::VAL(ED$)
860 LOCATE W, 25: PRINT "Tlmc step (mhis) = "
hOCATE io, 55: PRINT USING "#.##"; TS11
~...---.---.,~" .......... ~~ I , W_, ...._ ...-_ •• --- __
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LOC.ATE 10, 55: Ii\TPUT "", ED$
IF EDS ::: .... THEN 870
TSU :-::VAL(ED$)
870 FOR '1'% ~ 1 TO NT8U
IP T% <= 10 THEN ;:,;:T% + 13
117'1'%). 10 AND T'Y.. ,(~: 10THEN ROW ~=T£}r! + 3
IFT%:> 20 THEN ::::'1'% - 7
I ')eATE 12, 20: PRINT "T tmins)": LOCATE 13, 20; PRINT fI~u_~~~ __ "
LOCATE i2, 30: PRINT "Q (cumecs)": LOCATE 13. "i1: PRINT ~u~_._..
LOCATE 12,43: PRINT "WL (m)": LOCATE 13,43: PRINT " --"."
LOCATE 12,53: PRINT "C (mgl1)": l.OCATE 13,53: PRINT "-_ .,."
TIME == ('f% - 1) *' 1'SO: LOCATE ROW. 22: PRINT TIME
LOCATE ROW, 29: PIHt,"T USINC~,"####.##"; QU(T%)
LOCATE ROW, 31: It\TPUf "", EDS
IF EDS ::: ,'11 THEN 880
QU(T%) == VAL(ED$)
880 LOCt\'f'E ROW, 42: PR1NT USING "###.##"; WLU(T%)
LOCATE ROW. 43: INPUT "", ED$
IF EDS -= '''' THEN 890
WLU(T%) -= VAL(ED$)
890 LOCATE ROW, 52: PRIl'-.'T USING "##If.##"; CU(T%)
LOCATE ROW, 54: INPt)T "", EDS
IF ED$ ::: itlt THEN 900
CU(f%) ::: VAL(f:D$)
900 ~'EXTT%
ED$::: "$$": GOTO 850
910 LOCATE 7, 25: PRINT "DOWNSTREAM CONDITIONS"
1.0CATE 8, 25: PRINT .,.. -~••••..•••".-.".~_•.,
LOCATE 9, 25: PRINT "Simulation dumtion (ruins) :;: "
LOCATE 9, 53: PRINT USING "###.##"~SOD
LOCATE 9, 54: INPUT "", ED$
IF EDIS ::: "" THEN 920
sou- VAL(ED$)
920 LOCATe 10,25: PRINT "Time step (mlns) ::::;It
LOCATE 10, 55; PRINT USING "#.##"; TSD
LOCATE 10, 55: INPUT "It. EOS
IF EnS ~ "" THEN 930
TSD :;::VAL(ED$)
930 FOR 'f',:o::: 1 TO NTSD
IF '1'% <= 10 THEN ROW:;:: T% + 13
IFT%:> 10 AND T% <= 20 THEN ROW::: '1'% -I- 3
IF T'il:, :;. 20 THEN ROW::: 'f% - 7
LOCl\TE 12.20: PRINT "T (mins)": LOCATE 13,20: PRINT ".c.•_~.... et
LOCATE 12, 30: PRJ' ,~ 'Q (eumecs)": LOCATE 13.31: PRINT -, ••.,••_."
LOCATE 12,43; PRll, x' "\VI.. (m)": LOCATE 13,43: PRINt' "...__._••"
LOCA'!'E 12,53: PRINT -c (mg/l)": LOCATE, 13, 53: PRINT ".-------"
'TIME,~ ('I'Ye,- 1) *' TSD: LOCATE ROW, 22: PRINT TIME
i.,OCATE RO\V, 30: PRINT USING "###.##"; QO(1'%)
Appendix A A 18
----------------------.-----------~-----------------------
l.OCATE ROW, 31: II\TPUT tI", EOS
IF EU$ ~'::'''' THEN 940
QD{Tlfo) :;::VAL{EJ).$)
940 LOCATE ROW, 42: PRINT USING "##ff.##"; WLD(f%)
LOCATE ROW. 42: n....'PUT tin. EDS
IF EDS 0::: nt' THEN 950
W1.O(T'I(;) ~; V AUEDS)
950 LOCATE ROW, 52: PRINT USING "##:#.##"; CD(T%)
LOCATE ROW, 52: INPUT "", EnS
IF EDS ~ "" THEN 960
CD(T%) :;.:VAL(EDS)
960 NEXTT%
RETURN
SAVBI'RESET
OPEN "I", #1. BB$ + F$ + ".BC": CLOSE 411
LOCATE 16.25: COLOR 31: PRINT It Filename already in Diskette "
LOCATE 18,25: PRINT" rO]vcwrirc [Clhange IA]bort. ": : COLOR 7, 0
970 AS ~ INKEY$: IF A$ :;.;'''' THEN Y70
IF AS @"O" OR A$ :: "0" THEN K = 999: GOTO 980
I{\A$ :::"e" OR AS :: "e" THEN
J~::: "": GaSUB FDOP; GOSUB SAVB: GOSUB BDOP
JJ;r4D IF
'IF AS ::: "A" OR AS = "an THEN
F$ ::::K$: GOSUS BDOP
El'iD IF
BEEP: GOTO 970
RESUME 980
980 CLOSE: SV$ :: F$: GOTO 990
RETURN
11 .
SAVB: 'SAVE data into files...... ""' ,~.."" "" ..
SV$::: J$
990 CLS : LOCATE 11.38: PRINT "Saving"
BOXN :;::1: BOXTYPE :~:0: YBOX =-~ J 3: XBOX == 31: BOXLEN ~·17
BOX$:::::SV$ + ".Be": (lOSOS BOXl
SV::.; 1
WLEN ::.;INSTR(1, F$, ".")
IF WLEN > (I THEN F$ := LEFTS{FS, \VLEN - 1),
,. ,,~ .,.;~.,,, .., '" .- ' ~- ._, ~..'''' ..
'Saving' Boundary conditions data,
1000 OrEN "0"', #1. BB$ + 17$-I- ".BC"
PRINT #1, SDU, TSD, 1\rr8U
FOR T% ::::1 TO NTSU
PRiNT #1, T%(~U(T%), WLU(T%), CU(T%)
NEXTT% ..
PRINT #1, SDD, TSD, NTSD
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FOR T'1ti "'" 1 TO NTSD
PRINT #1, TtJ(i. Q1)(1'%), \VLD(T%), CD(T%)
NEXTT%
CLOSE #1: JS =: F$: RETKJn.N
'..... "", .. "' ........
BOX1: 'Draws box
COLOR 7. 0
IF nOXTYPE ;.::0 THEN BOXl ",,201; BOX2 '" 187: BOX3 "'"200: nOX4 ::;;'i88:
BOXU::: 186: BOXL:;:. 20.5
IF BOXTYPE= 1THEN BOX]~:=218: BOX2:::::191: BOX3:::: 192: BOX4=217;
BOXll;: 179: BOXL:: 196
LOCATE YBOX, XBO};: PRINT CHR$(BOX1); STRING$(BOXLEN,
CHR${BOXLj); CHRS(BOX2)
FOR I ;,::1 TO BOXN
YBOX ::: YBOX + 1
LOCATE YBOX, XBOX: PRINT CHR${BOXU);
LOCATE YBOX. XBOX + BOXLEN + 1: PRINT CHR$(BOXU)
~~XTI
LOCATE YBOX. XBO;';: + (BOXLEN • LEN(BOX$» I 2: PRINT BOX$;
LOCATE YBOX + 1. XBOX: PRINT CHR$(BOX3); STRING$(BOXLEN,
CHR$(BOXL»; CHR$(BOX4);
RETURN,............ _ ...
CDRV: 'CHANGE Disk Drive,................. "" .
CLS ; COLOR 7, 0
BOXN:: 20: BOXTYPE = 0: YBOX = f:XBOX ::::IS: BOXLEN ~ 50
BOX$ = "": GOSUB SOXl
BOXN ~ 1: BOXTYPE ::::0: YBOX ::::4: XBOX ::.:20: SOXLEN :: 40
80X$::: "ADVECfIVE WATER QUALITY MODEL": GOSUB BOXl
BOXN::;: 1: BOXTYPE:= 1: YBOX:: 6: XBOX:::: 75: BOXLE:N:::. 30
BOX$:::: "CROSS SBCfl0N DATA": qOSUBBOXl
BOXN::;: 1: BOXTYPE :;;;:1: YBOX :: 11~:XBOX ::::25: BOXLEN ~-;:30
BOX$:.:; "DA'tA will be LOADED FmJ1~":GOSliS BOXl
BOXTYPE:::: 1: Y130X:::-: 14: XBOX::;: 34: !30XLEN::: 12
BOX$::::" Drive" + BBS: GOSUB BOXl
LOCATE Hi, 26: PRINT "Press to change Drive"
COLOR 31: LOCATE 18.32: PRIl\1T "SPACE BAR": COLOR 7,.0
COLOR 7. 0; BOXTYPE == 1: \"BOX =: 20: XBOX::: 25: BOXLEN::;: 31
BOX$::: " Press [ENTER] to confirm": GOSOB BOX}: GOTO 1030
1010 LOCATE 2L 53
1020 K$;::: INKEY$~ IF K$::; '''' THEN 1020 ELSE K = ASC(K$)
IF K$ <> " " THEN 104(;
IF BBS ::;:"A:" THEN BB$ ::::liB:" ELSE IF BB$ :: ItS:" THEN BBS ~ lie:" ELSE
EBS:::: "A:"
1030 LOCATE 15.43: PRINT BBS; : GOTO 1010
1040 IF K::: 13 OR K =: 21 ~nmN RETURN ELSE 1010
. ~ ........... '_ ...,1;lI_'____.
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" - ..,_ ".- ..
LDB: 'LOAD existing Boundary Data file
.............................. ""_ .,-"g " , I1». ..
LL =' 1: MRG:::: 0: GOSUS CDRV; CLS; COLOR 7, 0
IF K :::27 THEN IF MRG > 0 THEN MRG :.:0; GOTO BnOp
BOXTYPE :::0: YBOX :: 1: XBOX ::::15: BOXLEN ::::40
BOX$ "" "DYNAMIC WATER QUALITY MODEL": GOSDB BOXl
BOXTYPE"", 1: YBOX:;:_;:3: XBOX:::: 1: BOXLEN:::: 75: BOX$:c:: "": GOSUB
BOXI
X:::::0: LOCATE 6, 1, 1. 12, 12: ON ERROR GOTO 1230
FILES BB$ + "*.BC~":PRINT STRING$(77, CHR$(205)
1050 ON ERROR GOTO 1250
BOXTYPE ~ 1: YBOX ::::20: :KnOX 1: BOXLEN ::: 75
BOX$ ::::"": GOSlin BOX1
1060 ON ERROR OOTO 0: LOCATE 21, 15: COLOR 31
PRINT "[ESC] to Abort [ENTER] to Confirm selection":
COLOR 7. 0; K$:::: F$: CY::: 7: JY:::: 4: ex::: 1: JX """1
FS = '": WI)::: 12: FILES::;: ....: TYp == 0
1070 FILES:::: 1111: FOR Z ::::1 TO 13
."" fILES:;: FILE$ + CHR$(SCREEN(CY. ex + Z·· 1»)
"'"NEXT Z
1,\
'IF FILES;;;" "THEN ex:= JX: CY = JY; FILE$:;: F$: GOTO 1090
IF INSTR(FlLE$, CHR$(205) > 0 AND K:: 72 THEN BEEP: CY::: CY a 1:
OOTO 1220
IF INSTR(FILE$, CHR$(205)) >- 0 AND K:,: 80 THEN 1080 ELSE 1090
1080 BEEP: CY::; cv + 1: GOTO 1220
1090 TYP:; 0: LOCATE CY, ex: COLOR 0, 7: PRINT FILE$; : COLOR 7, 0
l.OC •.<\,'!'E4, 7: PRINT "Loading :"; : COLOR 31
IF INSTR(FILE$, ".BC") > 0 THEN PRINT "BOUNDARY CONDITION DATA"
LOCATE CY, CX: COLOR Sl: PRIN1~FJLE$; : COLOR 7,0
LOCATE 4,43: PRll\'!'"f "Filename: "; : tOLOR O. 7: PRINT I"':LE$;
COLOR 7, o
1100 KK$ == INKEYS: If KK$ :.:;:"" THEN 1100
IF LEN(KKS)::; 1 THEN K:::: ASC(KK$) El.SE K::;; ASC(MlD$(KK$, 2, 1))
- lY = CV: JX::; ex: F$:::: FILE$
IF K :.~27 THEj~ 1I l() ELSE 1120
1110 IF MRG > 0 THEN MRG::::
1120 IF K <> 13 THEN 1160
IP'MRG <> 3 1'Hr~N l150
1130 MRG::: 0: F$ ;r: K$: 'GOSUB BDOP
1140 RESUME 1130
1150 IF MRG :::::() THEN GOTO LB
1160 IF K :;::'nOR K =: 5 THEN 1180
1170 IF K ;:: SOOR K :::::24 THEN 1190
IF K::: 77 OR K;::: 4 THEN 1200
IF K::: 75 OR K :=: 19 THEN 1210
GOTO 1100
1180 IF CY <=-: 5 THEN 1100 ELSE CY =: cy - 1: OOTO 1220
BOOP ELSE MRG =: 0
'UP
'DWN
'RT
'LF
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1190 IF CY >= 24 THEN noo ELSE CY <= cy + 1. GOT'u 1220 -.
12,PO IF ex >;:::; 66 THEN 1100 ELSE ex :=. ex + 1S: OOTO 1220
1210 IF ex <~ 1 THEN 1WO ELSE ex ::'0 ex ~18: GOTO 1220
1220 LOCATE IV, JX: PRINT F$: nOTO 1070
1230 RESUME 1240
1240 X::.: X + 1: GOTO 1050
1250 RESUME l:'f)O
1260 JF X.::: 0 THEN OOSUB 1060 ELSE LOCATE 12,28: PRINT "No CRS or
END J;'iles"
LOCATE 25, 1: PRINT STRING$(40. " "); : BEEP: GOSUE DIR2
LOCATE 22, 1: COLOR 7. 0: PRINT S·:'i{fNGS(78. CHRS(l96»
LB: SV ~'::0; CLS: LOCATE io, 37; PRiNT "LOADING"
BOXN ~ 1: BOXTYPE:::; 0: YBOX ;::-12: i1<BOX:::::32: BOXLEN:.: 16
BOX$:; F$ + "B(,": GOSUB BOXl
OPEN "1", #1, BB$ + F$
iI\.TUT #1. SOU. TSU. NTSU
FOR T% = } TO N'TSU
INPUT #1, T(T%), QUCf';,&). \\lLU(T%). CU(T%)
NEXTT%
INPUT If!, SDD, TSD. NTSD
FOR ~i%::: 1 TO NTSD
.INPUT #1, T(T%), QDtT%\ WLD(T%), CDCr%)
NEXTT% .,
CLOSE #'1: .IS= MlD$(fS, 1, INSTR(F$, ",") - 1): RETUR.~
CI
____ "'_..... ._.IfI._' ..... ,.... __
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___________, ·~_· ~ __.r.---·----_;~·~
.*************,;,tf:*****"'*****************":';:**~'**"'***********************~:*
' AOVECflVE WATER QUALITY MODEL .
' Developec by M. S. Furumele .
, MAIN CD.rvIPUTATION MODULE
Vcr.don 1.00
JUNE 1991
'****"'*****>!.***:(~,*********,,***~:****::;***************************.*********
OPTION BASE '!
DIM Xl(7(}, 20). Yl(70, 20). NP(90). NCH(90). LCH(90), 50(90). 1'(100)
J)!M QU(lOO), WLU(100), CU(lOO), QD{1(0). WLOOOO), eD(100)
• ......... " ' _lto "' "' ,.. "" "" ~ -"" -~~ T
Loading data from files
naSUB CHDR: GOSUB LOAD,
... "' ,. " .. _ "' , .. , _." _ _ "', ., ,._ ' ••• 0;0 ..
100 CLS; COLOR 7, 0: BOXN:;.: 21: BOXTYPE:::: 0: YSOX::: 2: XBOX:,: 15
nbXLEN := 50: BOX$:z: "I': GOSU13 BOXt
BOXN ::::1: BOXTYPE ::::0: YBOX ::; 3: XBOX = 20: BOXLEN ;.; 40
BOX$::; "A.DVECTIVE WATER QUALITY MODEL": GOSUB BOXl
BOXN:::; 1: BOXTYPE::::: 0; YBOX;::: 5: XBOX::: 25; BOXLEN:::: 30
BOX$::: "SIMULATION PARAMETERS": oosus BOXI
'I i!
... "' _ "" _ _ II,..,._ '""""'~ _ _ t ~."" "" -~ , - ...
Simulation ~~ramctcrs
f :'.............~ "'- "" .,.''i''-~,~-.. ''' \.,..\ -''' ..,. "' _
110 LOCATE 9,30: :tNPUT "Duraticn (mins):::::tt, SD$
If' SD$ ::; "" THEN 110
SD ::::VAL(SD$)
120 LOCATE 11,30: INPUT "Time step (mins)::: n, TS$
IF 1'5$ :;::WI THEN 120
TS::: VAL(fS$): TSP::: 60 * TS
NTS ::: INT(SD ITS) + 1 "
LOCATE 13.49: PRINT USiNG "#,#'#"; 1: 'default value for theta
LOCl\ T8 13. 30: INPUT ..Tllcta......... ::.:tl, TH$
IF TH$ = 'I" THEN TH := 1: GOTO 130
TH ::: VAL(TH$)
130 LOCATE 15,49: PRINT USING "#.##"; .5: 'default value for Xi
LOCATE 15• .30: INPUT "Xi............ ;;::", XI$
IF XI$ ::: IlII .li' 'XI::;: .5: G01'O 140
XI '':; VAL(XI:R~
) ('!
"" ~ "' ' ·'_loo '''.u.'''"."''elol , ·." _.~ _ >~ _ Q_"' .., f40 \. '~ _,
Output filename,
.·4"." ~ "' ~ _.~ .,.b "'.._""''''' ~ c~ ~ .,_ ,. , ..
140 K$;;:: YS: DR$; tiC:"; GOSUB OFOP
CLOSE: SV$ =: F$: SV ;:: 1
WLEN ~ INSTR(1, F$, ".")
IF WLEN > 0 THEN F$ ::: LEFl'$(FS. WLEN • 1)
OPEN "0", #1, DR$ + F$ + ",OllT",..... 'it.~,.. ." ~"' Q .,. _ "" .. _ , ,...H '_.. ." ·..
~, .. «:&JriIotII~,_ ... ~' .... _
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Choice of boundary conditions, '............ """"- ,.. ~..--..- - - ---- --- - " ~ ~-- ,
CLS: COLOR 7, 0: BOXN:: 21; ,JOXTYPE "'"0: I\rBOX = 2: XBOX = 15
BOXLEN :::::50: BOXS ;,: "": GOSUB BOXI !
BOXN::: 1: BOXTYPE:; 0; YBOX:; 3: XBOX :=;120: BOXLEN = 40
lfJOX$ := "ADVEC11VB WATER QUALITY MorIEL": GaSUB BOXI
BOXN::.: 1: BOXTYPE:::: 0: YBOX:::: 5: XBOX :..:/25: BOXLEN:::: 30
BO~'JJ:::" BOUNDARY CONDITION,';": GaSU!~ 13
LOCATE 9,33: PR!NT "KNOWN HYDROGRAF/HS'
LOCATE 10,33: PRINT ..-----~-"--.---.,.-" I
LOCiij.TE 12,23: PRINT "l l.Upstream stage an::! Downstream stage"
L.OCAT8 14.23: PRINT "l l.Upstream now and lr>ownstreaw stage"
LOCATE 16.23: PRINT til J.Upstrcam stage and Pownstream flow"
LOCATE 18, ?-3: PRINT "I l.Upstream flow and Downstream Ilow"
l.OCATE 12',24: PRINT "1": LOCATE 14. 24: ~~INT "2.11
LOCATE 16,24: PRINT "3": LOCATB 13. 24: I!~.INT "411
B.OXTYPE ::;J: yr.~~ox.::::21: X.BOX ..:': 2~: BOX .'.EN=. 25
qOX$::::" ENTER Selection: [ )": GOSUB BO) ~
LOCATE 22, 50, 1, 1. 10 '. '
150 EPS = INKEY$: IF EO$ ::::"" THEN 150 [
IF ED$:;: "1" THEN BOC:.-: 1 1'··
IF ED$ :::::"2" THEN BOC :: 2
IF'ED$ == "3" THEN }.lOC:= :l
IF ED$ ':': "4" THEN BOC:::: 4 ,
~:::-~:':,::=~:::::===:::=:::::===:::'==:::~===:::::""===:::==i~====---=:ii;:=====;::::;=::::=
MAIN CALCULATION' PRoi RAM
t .. ,. ~'!
...... _ _ _ -'1 ,." 11' u _ ,,;.';J, _ .. ~ __,
REM $ DYNAMIC
REDIM YMIN(NCRS), YMAX(NCRS). 'Y,ftINl{NCRS). YMIN2(NCRS).
YM(NC}U:)
REDIM PD(2 ..,NCRS), PL(2 '" NCRS), PO(2 * CRS), PX(2 '" NCRS)
REDIM D1'"i(2 ::< NCRS), C.M(2 * NCR~), HM 2 'I< NCR,S), FM(2 * NCRS).
~~~ .
REDlM BM(2 *' NCRS). AM(2 '" NCR-S). IQUn 01< NTS). IWLU(15 '" NTS)
REDIM IeU(1S 'it NTS), lQD(15 * NTS). IWLll 15 * NTS), IQD(l5 * NTS)
REDIM ICDOS '"N'fS), WL(NCRS). PC(NCRS), (NCRS), A(NCR~). B(NCRS)
R£DIM K(NCRS), PC(NCRS), PR.PC(NCRSj~ PRl.PC(NCRS), H(NCRS).
DWH(NTS) \
REDlM PR.H(NCRS), PR1.H(NCRS), Sf(NCRS), V.AVE(NCRSk'!3.A VE(NCRS)
REDIM A.AVE(NCRS), K,A VE(NCRS), K(NCRSP. PR.K(NCRSY~ PRLB(NCRS)
RED!M PRl.A(NCRS), PR l.V(NCRS), PRl.K(NCl~S). PR.B(NCRS), PR.A(NCRS)
REDl?-' PR.V(NCRS). PR.Q(NCRS), PR. )VL(NCRS). PR.PC(NCRS),
PRl.PC(Na~S) ,
REi:m,j' PR, .Q(NCRS). PR1.WL(NCRS). Cl(N(iIRS). C2(N(:RS), C3(NCRS),C4(NCRS)
REDIM C5(NCRS). Ml (NCRS), M2(NCRS). M3(Nf:RS). M4(NCRS), M5(NCRS)
\, \_""}"'''IQil--...'''' .:at ... ~ ~I-- __ ."_ __ _"' __
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l~nmM Pl(NCRS), P:(NCRS), p~(NCnS). lTERH(NTS). I'IERP(NTS)"
Al(N(1~S. NTS)
REDIM QHNCRS, NTS). WL1(NCRS. NTS). V1(NCRS, NTS), PCl(NCRS. NTS)
REOIM P;3A(NCRS), P3B(NCRS)., P:lC(NCRS), QMAX(NCRS), WMAX(NCRS).
QMIN(NCRS)
REDIM WMIN(NCRS), PM/\X(NCRS}, PMIN(NCRS). Q(NCRS),
t~.AVE1(NCRS)
1:EDIM A.AVE1(NCRS),ltAVE!(NCRS), 'V"AVE1(NCRS), FC.AVE(NCRS)
imCl'_P\.lahng 'boundary condttions Ior given time step
I.FTS .:> TSD OR rs <> TStJ THEN OOSt iB INTP
P!?INT #1, NCRS. SlJ. '1'S. NTS. TH, xt, PHI
"l!OI)YNAMICS SUH'.MODl:L
• '"""•• , -IV ~, '>0"'''' '" '" ~~ .. "' ...." >!- '. "' .... "' ... ~ "', .. ' ..... ~" ' ..... "" ..... '" "'" ... "" .. ~, ....... ,~",~, a ""'"Ie> ... .., ...... ,. ,'1,. .... ,.~ ...... "' .. ~'-"'" .....O!o"
"
{'r .s : COLOR 7, \1: BGXN ,:;:20; BOX';'YPE;;;: 0: YB()X ::;:3: XBOX II: 15
B!)XLJ:.N ~:60: BOX$:;:; "": GOSHa BOXI
BOXN;:;; 1: BOXTYPE:::;; 0: YBOX = 4: XBOX :..~20: BOXLEN ~ 50
BOXS:::: "ADVE(TIVE WATER QUAUTY MOrml.": nosua BOXl
BOXN ·:;:·1:BOXTYPE c:-; (l; YBOX:::-; 7: XROX :;. 28: BOXLEN:= 35
80){$ ::-,;"HYDROl),Y .JAMlCS SlJB·MOOE.L"; GOSLJB BOXl
160 FOR T% ,-"1 TO NT5 ' ., START OF TIME LOOP ".
BOXN :;;:2, BOXTYPE 0; YBOX .::.:11- XB(IX ;;; 28: BOXLEN ;" 35
l30XS :;: "PLEASE BE ."lATlEto.:'\''': cosun HOXI
LOCATE 12. 33; PRINT "CALCULATIONS IN PROGRESS"
BGXN ~. 1(,: I4~+,<X.1'YPE ::: 1: YUOX ::::10: XBOX :;: :!5
noxr .,EN;;;'41: BOXS; :::.~"": (;OS118 BOX 1
(\;dl,;llating initial variahles
Lot'/\TF 1"/, 11.i(INT "lNITlJ\UZt!'llG OF VARIABLES"
IF '1'% t: 1THEN Ql :;:;Qtl(1): GOSllB STEAD
COLON 7. 0: tOCA'l'E 17. 33: jlRINT II,
.' ~ .. " ..... , -'. ii"' ", 'H", •.,,) "~~O ",' _'-_t;J r', _.,.., f~' ,"" ',_,,,,,,.,...-"" ,",1.;0 (ik ~ (~ .. ,~ """ "',~,.,. '" '" "" ~" .., "" '" c.. , .._. "- ,._..z· ".-<-', ",,<' ,:l,,;. ,,,~'., .. q","' <j.t;, .~,.~
,
,_ I~,·H,.,,,, ", ... ""''''~, .,.", ... -,,_~,,,,,, "',0 ,,",. '" ,,,PO·OO"'~~;;;",,. "'''' .,., ~... , u"' •. '.'.,.'", ..::.,PH'" "'" "'El'-'f' ,_,,,,"".' """""'-''''~'''''''''';t..
FOR II ;:~1 TO NCRS
WL(I1) :;;PR.WL(Il): Q(n PR.Q(Il)
HOI) PIUI(ll): PR.1.WIT : .. WL(H)
PRl.Q(m :';'Q(11): PRlJl(Il) ;,~non
NEXT II
NITER :..:~o t>i:fault value for number of iteratiuns
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FOR ITER ~ 1 TO NITER • START OF ITERATION LOOP .
? .. ,,. ~ ~""'''' 010.·.' .,.,,."''' '''' ''' '''' '''' a ,,_ ."., .- > ..
TM ";c: (T% b 1) * TS
LOCATE 15,36: PRINT "Ineta ::::"; TH
LOCATE 16.36: PRINT "XL := ": XI
LOCATE 17,36: PRINT "Time (mins),,~:::''; TM
LOCATB HI, 36: IJRINT "Iteration ....= ": ITt]::.
',;~"" _.,~ ""'" ~ ~~.". '" ''' ''' ~'''' u"".~'''' "'_ ~ _ ~~ ~ u"..~ "',...,.""
' SOLUTION OF THE HYDRODYNAMiC::; MATIUX .
PENTADIAGONAL BANDED MATRiX
•........"'..""..... "' ...,;,......~,......~ ..........,,..,,...c..,.>._"' .......·"""......, ....._.~ ...""v~q ... "..,..~ ... _"''''_,''''''.,.'''' ...$O,,~,< ,_."" "'.'''".'' ." .... 100'"
OOSUB LINH • "' ...linearizing equations "...
GOSUB COFH • calculating coeificients .
••-..~...-..•·•··•··.. .,··· __..··..·SOLUTlON ALGORITm 1····_···"···.. ···,,·..•
GOSUh HMAf ' general arrangement of matrix ..
GOSUB DSWA ' double sweep algoritillll ,. .
t ""., "''''' IfI _ , ~ __ .,._.~ _~ .. _ "' , a "" ..
IF BOC ::::1 OR BOC:' .;) THEN • Known upstream stage hydrogrdph
WL(l) ~ WLU(T%) .--...... ".~-•. -••••••-"••••••-.....
HO) ;:;\VL(1) • YM(l)
Q(l):;; PX(1)
EI S13 ' , , ._, "" "' _-
QO) ::.:QUO'(,'t) , Known upstream flow hydrograph
1'1(1)::: PX(1) , ,.•..••_••••••
WL(l) :;: YM(1) + Hn)
END IF
H(2):::: PX(2)
WL(2) ::: ),M(2) + H(2)
Q(2) ;:; PX(3)
FOR U ::; 3 TO NCRS ~ 2.
Q(U) :::PX(2 '" U· 1)
H(U) =. PX(2 ..,U • 2)
WL(U) ~.:YM(U) + H(U)
NEXl' U
Q(NCRS" 1) :.;' ,,)'-l •. 1)
HtNCRS" 1) =. PX(N Q 2)
WL(NCRS .. 1) :;~YM(NCRS ~ 1) + B(NCRS " 1)
Il: r{()(7:; 1 OR i~()(; ::z: :2 111I~N '..u .. ~~ .... q~t ........ ~.~ .... ~.~ .. ft .. oa .. ""h~.~ ..._ ...~_t<_
WL,(NCRS) ::.;:WLJ)('1'(~t,) t Known downstream stage hydrograph
H(NCRS) :~WL(NCRS) - YJvl(NCRS) ' ••~_."._"__.•_".".......__" ._u _
Q(NCRS) ~~PX(N)
ELSE
Q(NCRS) :;:QD(T%) •-•••-••".• -.- •••••-~-.-••-•••-""-.
H(NCRS) :;:PX(N) • Known downstream flow hydrograph
WL(NCRS) :~,YM(NCRS) + B(NCRS) '."._ ••••__•__.u ••• _
END IF
, ." -·"" ..""" P~:. ~~.,. "" "" .,, <. .:."" .. .: ~ • .-~.,.;"" "'~."' . .., ~ "' .., ...
Accuracy and stability check
------,-~~-.-~~-----
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ACCQ :::::.01: ACCH ::::.01
DIF.MAXQ ""0: DIF.MAXH ::::0
FOR Ace:::: 1 TO NCRS
IF WL(ACC) < YM(ACC) THEN
BOXN ::: 8: BOXTYPE ::: 0: 'iBOX ::'0 10: XBOX ::::25
BOXLEN~:.:: 4'1: BOX$::-::; "": GOSU8 BOX1
LOCATE 12, 33: PRiNT "CALCULATIONS TERMINATED"
LOeAT!! 13,33: PRINT" DUE TO "
I~OCATE 15.33: PRINT" INSTABILITY PROBLEMS"
LOCATE 16. 3~: PRINT "CHECK :CATA AND OR RBVISE"
~OCATE 17. ~,3;PRINT II SIMULATION PAR,..".ME'fERS"
LOCATE 18, :;3: PRINT" "
LOCA'fE 20,33: INPUT "Press rEmer) to continue", EDS
IF EUS :;;:"" 'fI.;EN 100
ENOIF
DIF.Q :::::ABS(Q(ACC) - PR 1.Q(ACC))
DIF.H =: ABS(H(ACC) ~ PR l.H(ACC))
IF DIF.MAXQ < DIF.Q THEN DIF.MAXQ ::: DIF.Q
IF DIF.MAXH .-.:DlF.H THEN DIF.MAXH :.-~Dl,F.H
NEX'I'Ace" I
IF DIF.MAXQ <::.: ACCQ AND DIF.MAXH <:::: ACCH THEN 170
•.................."', *' ~.. - 'I<> '" _ , •• _ "" '" "" .,.
Initialise before next iteration
FOR 11 :=: 1 TO NCRS
PR 1.WL(I 1) ;;;WL(Il)
PRl.Q(l1);t:: Q(U)
PRU~I.l1) :::::H(II)
NEXTll
NEXT ITER ......EN£) of iteration loop
Initialise and store results before next time step,
""~<eI '* _ & "" '" ,,)', ~",. ~ _, .. "'_ ,., .. ,,, .. ~ s ,.,.' ..
170 ITERH(T'%) ;:: ITER
FOR 11 :: 1 TO NCRS
WS::; WL(Il)
GOSUS CSPRP
Q 1(11, TCj(,) ::: Q(Il)
WL1(Il, TI}c') == WL(I1)
Al(Il, '1'%) ::::A(I1)
Vl(Il, TI'}(,):: vnn
PRINT #1, onn, T%), WLl(Il, T%), Vl(Il T%),ITERH("f%)
PR.WL(Il):= WL(ll)
PR.Q(Il) :.:,;Q(I1)
PR.H(l1) ~:H(Il)
NEXT 11
NEXT T% ' END OF TIME LOOP
______ ._._._. H_' w ~ ~ __ ~ __
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1~ _ _ "" .,. __ "" "" "' '*' __ _." "._,,,._ ..
POL.LUTA~T TRANSPORT SUB-MODEL
' .. , u ~ n _ _ _ .. _ _." _ ".. ioo _ _ """ ..._ , ..
CLS : COLOR 3. 0: BOXN "" 20: BO:h'TYPE =: 0: YBOX = 3: XBOX ::;:15
BOXLEN ::::60: BO){$ :;;,:"": GOSUS BOXl
BOXN:: 1:BOXTYPE == 0: YBOX :z: 4; XBOX := 20: BOXLEN =: 50
BOX$ :'" "DYNAM!C WATER QUALITV MODEL": GOSUB BOX1
BOXN::: 1: BOXTYPE =:: 0: YBCX =:: 7: XBOX::;: 28: BOXLEN::: ;,5
BOX$ :;:;"POLLUTANT TARNSPORT SUB-MODEL": aOSUB BOXl
t> '''', -'' ''' ,;~ "" "" , " __ ' "" "' "'''''. ~, "'" " _
FOR T% ::: 1 TO NTS • START OF TIME LOOP,
..."' a.., ' "" "".. .., , .rt,., __ o;o""'_". w .. ,.. '<>""~ _ ....
BOXN :-::2; BOXTYPE ::::0: YB()X :::.:11: XBOX ::: 28: BOXLEN ::: 35
BOX$::: "PLEASE BE PATIENT": GOSUB BOXl
LOCATE 12. 33: PRINT "CALCULATIONS IN PROGRESS": COLOR 7, 0
BOXN::: 10: BOXTYPE..: 1: YBOX::: 10; XBOX::.::25: BOXLEN::: 41
BOX$:: ""; oosua BOX1: COL..oR7, b
IFT%:: 1 THEN
FOR 11 :: 1 TO N...:RS
PC(I 1) ::::CU(f%)
PR.PC(l1) ::: pe(ll)
PR l.PC(Il) ::::PC(H)
NEXT 11
END IF
,' .. "' ". ,.., ..".,.·, "" M _.. ~ __ H ~< " _ " '" " ' _ .,. _ ...
Initial values from th(,.~Jrevioustime step,
......... -,._,-" a- " ""."_,._,.,\J "" ..,. ,., "" ,,' ,,., ,., ,.. ..
FOR Ii:; 1 TO NCRS
PR.PC(Il) ::-.PC(Il)
PR1.PC(Il)"= PC(Il)
NEXT 11
NITER::: 50 ' Default number of iterations
FOR ITER .': 1 TO NITER ' ......... St~.irtof iteration loop
TM:::: (T!~,·· 1) * TS
LOCATE 15. 36: PRINT "ThclU = "; TH
LOCATE 16. 36: PRINT ..XL. ""::: ''; XI
LOCATE 17. 36: PRU~T "Time (mins) ..= "; TM
LOCATE 18, 36: PRINT "lteration ....~~": lTER,
..,'" "."" "~•• ,"Il>~.'" "'",~_ "' "".., ""_.•"" '" "" " ., "' co ..
' ~ sOLunON OF THE POLLUTANT TRANSPORT MATRIX ..
TRIADIAGONAL BANDED MATRIX,
................ , "' ~u~"""'u ~•., "'u,"' ""..,.., "'''''"'''_~ '''· u''' <';> .,..,. , ''''' ....
GOSlm tJ,NP ' " .limmri:dng equations. .
GOSUB COPP • calculating corfflcicnts .
•----- •. ··---··-···--~..·--~--·-SOL\J'n ON ALGORITHM " _-_._----••_..._-
nOStm PMAT ' gcncrai arrangement of matrix ..
----------------""-------
____________ r--.-:lL'!>i .• '2;'--:
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GOSUB fJSWA • double sweep algorithm .
' """' ." "" , - __ __ ..""- _ __ ---"" _ ""
reo) ;:;z CU(T%)
FOR U::: 1 TON
PC(U + 1) ,;'! PX(U)
NEXTU.
_..-_ fi" .. ~ H '~_ "> .,.,""_ _ OO _ ~~ P _ ,,."'.,. .,.. ·.,. u "'''''.,. _ .,. ...
Accuracy and stability check
'_ "' •• , _ ." ~ ~ .. lo> "' "' _ ~_ ,~ __ _ ...
AceI' ::::1: DIF.M."1.APC ;:;::0
fOR ACe:::: 1 1'0 NCRS
T)IF.PC ~ ABS(PC(ACC) - PR1.PC(ACC»
IF DIF.MAXPC -c DIF.PC THEN DIF.MAXPC ::::;DIP.PC
NEXT Ace
IF DIF.MAXPC <= ACCP THEN 310
t "' "" "',.. "' _ _ _ w. _"'IU"'~"'N"'="_"'._""""'."'"
Initialisc'before next iteration, .
....................._..u..r> _ "'.,r.p. "" ~ ""_ _ "' _"' "' _ _ _ _ ""_ ...
FOR n ::::1 TO NCRS
PR1.PC(ll, :::PC(Il)
NEXT 11
NPXl~ ITER •.....END of iteration
., ~ ~ _ ''''' '''' ~, '''' ,,.. ~ ,,,,,.. oot __ .,
'Initialise and store results before next time step
,. .,_ """' ,~"~.. ",,,,,,,,,,,,,,,,,,,,,,,,",,,,,,,,,,,,,,,,,,.;,,,,,,,,,,,,,,,,,,,,,.,,,,,,,,,,,,-.,,,,,., ., .,. "' ...
310 lTERP(T%) ::: ITER
FOR Il ::: 1 TO NCRS
rcnn, T%) :::PC(ll)
PRIN'r #1, PCl(ll. T%). ITERPO':jo)
PR.PC(Il) :::pe(ll:;
NEXT 11
\\
''''H••.END of time loop
Calculating ;l',inimum and maximum values
Bubble sort algorithm
, ~, ,.." ~'''''''''' "" ' 0 .., .. "~ ~,., ,, "" _ "' .,...,0;0"' ., ". "" ~.,.. "" ...
FOR Il := \ TO NCRS
FOR T% :.; 1 TO NTS - I
NTSI ~: (NTS ~ '1'%)
FOR 1'1%::.; 1 TO NTSI
IF Q1(11, 1'1%) <= Ql(I1, Tl% + 1) THEN 555
TEMPQ ~';oirn. Tl %)
oun, 'flex,)::: cun, 'fIflh + 1)
Ql(Il, 1'1% + 1) ;::TEMPQ
555 IF WL1(Il. 'f1%) <:::. WU(U, TI% + 1) THEN 666
TEMPW::; WLl(Il, 1'10;,)
WL1(Il, 1'1%)~:::WLl(Il, Tl% .j. 1)
Wl.1(Il. Tl% + 1) ::;! TEMPW
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666 IFPC1(I1, 'fl%) <= PCHI1, Tl% + 1) THEN 777
TEMP t:>: PCl(H, 1'1%)
PC1(I1, 1'1%):= PC1(Il, '1'1% + 1)
PC1(I1. 1'1% + 1);:;: TEMP
777 l\TEXT 1"1%
NEXTT%
QMAX(.I1)::: Q1(I1, NTS): QMn.J(I1) ~ QUIl, 1)
WMAX(Il) ;.,;WL1(I1, NTS): WI>11N(I1) ::::WL1(I1. 1)
PMAX<I1) .r: rcirn. NTS): PMIN(J1)::: PCl(Il, 1)
PRINT #1. QMAX(I1). QMIN(Il)
PRII\iT #1, WMAX(I1), WMIN(I1)
PRINT #1, PMAX(Il), PMIN(I1)
NEXTil,
...- " ~ "' ,,~ "" .,. _ 'O" .,. "" _ ..
CLOSE #1: J$:::: F$
Proceed to driving menu
ED$::;; "OUTPUT": CHAIN "DRIVE"
...""...."'-_ _._-_._,-.,. ", ....
SUBROUTINES
DSWA: • Double SWC(;P algorithm solution.
.......... "" .. ~ .,. , "' .",pou , ·"" a.·O;'...
PDO) ::::PM(l) I CM(1)
FLO) = EM(1) I CM(1)
PO(1) ~ FM(l) / CM(])
PM::: CM(2) • BM(2) *' PI)(1)
PD(2) :;.:(OM(2) ~ [3M(2) * PL(1)) I Pr.,·i
PL(2) =. EM(2) !PM
PG(2):o: (FM(2) - BM(2) *' PG(1)) I PM
FOR U :::::3 TO N • 2
PB :::;:BM(U) - AM(U) Ii< PD(U " 2)
P.M := CM(U) ..PB '" PD(U - 1) ..AM(U) * PL(U a 2)
PD(U) ~ (DM(U) ..PB '" PL(U p 1) I PM
PL(U} ~;,EM(U) / PM
PG(U) ~~(FM(U) - PH *' PG(U - 1) - AM(U) '" PCi(U - 2» I PM
N:EXT U
PB = BM(N - 1) - AM(N •. 1} *' PD(N y 3)
PM:-:: CM(N ~ 1) - PB '" PD(N ~,2) ~ AM(N - 1) :+: PL(N - 3)
PD(N - 1):;.: (DM(N •. 1) - PB * PL(N - 2» I PM
PG(N - 1) ~.~(FM(N - 1) - PE .;, PG(N - 2) - AM(N - 1) :+: PG(N ., 3») I PM
PH ::;BM(N) - AM(N) '" PD(N - 2)
PM ~ CM(N) - PB '" PD(N - 1) - AM(N) *' PL(N - 2)
PG(N) ::; (FM(N) - PH '" PO(N - 1) n AM(N) *' PG(N - 2») I PM
PX(N) :;;! PG(N)
~ _.,•..,............ a.•••.............. _. .. ~
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PX(N - 1) ::::PG(N. 1) - PD(N - 1) '" PX(N)
FOR U ::::(N - 2) TO 1 STEP -1
PX(U) "" PO(U) - PD(U) * PX(U + 1) - PL(U) * PX(U .;.2)
NEXTU
RETURN
'.",~u"", _", .., "..__ "' "".,."" _ _""_ o,o. __ "'_w ."t;<> ...
Hydrodynamks sub-model
•..." .. "" ., .,.~ "" "' "" _ .. _""' __ __ _"" .. ""_ ji;o "' "' ot, 1I ".,._ ...
I:NiP:' Ist.x.Interpolation of boundary values for chosen time step,
............... ·_ ""'.. ,~ _ .. "" "' _ {'I ail_ ·_ "" _ _ _ .. _ .
D'fP:::O
FOR T1%:::: 1 TO NTS
DTP:::: DTP+ 1
NTJ ;:::IN~('!,SU ITS)
ft'lIT ::.:(,N1'S - 2) '" NTI + 1
IF T% :::NrS THEN
'.' ,1QU :;:0: INTQP ::.:()
IWO ,;.:0: I!'-t'TWD ~ 0
!CU ::::0; INTCD ::-;:0
oOTO 240
ELSE GOTO 230
230 END IF
IQU;;;: (QU(Tl% + 1) - QU(1'l%» / NTI
IWU ::::(WLU(fl % +·1) - WLU(f1 %)) I :r-.,T'fI
rcu « (CU(Tl% + 1) ~CU(T%)) I NT!
IQD =. (QD(Tl% ;. 1) • QD(Tl%».' NT!
IWIJ ,.,:(WLD(TI % ·f· 1) ~WLD(TI %) INTI
leo = (CD(TI% + 1) - CD(Tl%) !Nfl
240 TINe:;:: NTI '" DTP - NT!
DW:: 0
TAe :;::NTI '" DTP
T1Ne :::.:TINe + 1
FOR 1'1% ""t'iNC ro TACn /1
IQtTtTI%):;:: QU(T1%) + IQU * DIP
IWLll(TI%) :;';:WLU(l'l%) + IWU >I< DIP
ICIJ(1'I%):;:: CO(f1%) + rcu- DIP
lQD(Tl<;'o):: QD(T1%) ~. IQD '" DIl'
IWLO(Tl%)::: WLD(Tl%) + IWD * DIP
I(,D(TI%) ::::CD(T1%) + leo * DIP
DIP:: DIP + 1
NEXTTI%
QU(TI %) ::: IQU(TI ~~.;):QDlTl r/~)):;::IQDlTl %)
WbU(T1%):: IWLU(Tl%): WLD(Tl%);;:: IWLD(T1%)
Cl1(Tl %) ee icurn %): CD(Tl %) ;::;ICD(Tl (10)
NEXTTl%
RETURN
•...'"'.._~ u ·"' "''''t.~~IE> -a..,. ''" '" ,~~ ~''''_ " "' "" .. a..Q ,_" ~~_
STEAD:' 2nd....Calculation of initial conditions
-----------.---~~
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'Ev<lluat;l)n of low and high limits of Cross- cnon
' "" _~ "" "" $ .,..ir Q~ u __ __ __ ..., __ $& _
*h_~__~.. ..~_*~- 'YMAX
*~.~_._M* -.. Vv"!....
* '"*.* .. YMIN
t "".. ~ "" 1I' .. _.,.. ,"""", _ .., _..,<20 .,.. 0C< _, _ .._ _ _
250
260
FOR n :;::1 TO NCRS
FOR 12 :::;2 "0 NP(U)
IF (Yl(Il. 12 ~ 1) < vtm, 12» THEN 250
NEXT J2
FOR 12:::NP(Il) TO 2 STEP -1
lF (Y1(I1, 12):> YI(Il, 12 - 1» THEN 260
NEXT 12
YMINl(U) :=Yl(ll, 12 ~ 1)
YMIN2(!1) :,:.Yl(H, 12 - 1)
IF YMINl(U) > YMIN2(I1) THEN
YMIN(Il) ::,;YMIN1{!l)
ELSE
YMIN(ll):::: YMINl(II)
END IF
YM(Il) == YMIN(H)
IF Yl(Il. 1) < vun, N"P(Il») THEN
YMAX(IlJ':= Y1(11. 1)
ELSE
YMAX(Il) := virn, NP(l1)
END IF
NEX'fll
FOR Ii :-::1 TO NCRS - i
' ,,, "' M _ _ _ •.....
'Evaluation of bed slope of channel
•..._ "' ""_ · ." ""'''' ..,'''' ~.. "...,. .., u '''u ...
DIF::;: (YMIN(!l) " YMIN(Il + 1))
SOm + 1) ;;. DIP I LCH(H + 1)
NEXT 11
SO(1) := SO(::!)
' 1>10, "" "" .. ., .. " "" " , ., ,. ..
FOR 11::: 1 TO N,~RS
270 WS:= (YMIN(11) + YMAX(I:l») /2
oosus CSPRP
QMlD := TeONV * so(n) A (1 I 2)
DIFQ !~ ABS(QMID • Q1)
WHILE DIFQ >= .01
IF Ql > QMID ''fHEN
YMIN(I1) = WS: GOTO 270
ELSElF Q 1 <: QMID THEN
YMAX(ll) ~ WS: 00"1'0 270
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END IF
WEND
Q(I1):: QMID
WL{U):;:: WS
H(Il) :;:WS ~YM(Il)
PR.H(Il) r;:; H(I1)
PR1.H(I1) ::: H(Il)
PR.Q(Il) :::Q(I1)
PR.WL(J1) ::::WU!1)
PRLQ(Il) ::::Q(il
PRl.\VLfI1):::: W»..,(I1)
280 NEXT 11
RETURN
, 1'"-' _ , .., __ ""_ "' ~ "'~ .•"' _"'''' ._~ " ~ ,.. ""~ __ "'_ _
CSPRP:' 3rd....Calculation of cross-section properties.
_ _ c ,. ,.-· loo_ ·* _s, 4"q ..
LOCATE 19.36: PRlt-.rr "Cross-section: ": 11
TW.P::: 0; TCONV ~ 0: TAREA =: 0: A(Il) =: 0
B(B) :::0: TWIDTH :::0: TRAD ::::0
FOR 12= 2 TO NP(l1)
DIE! ::::WS - Yl(ll. 12)
DIF2:; W$ - Y1(Il. 12 - 1)
f)lF3 ;:::ABS(Y1(J1, 12) '" Yl(!1.12 - i»
DIF4 ::::ABS(Xl(J1, 12) - Xl(ll. 12 ~ 1)
IF DIFI <= o AND DIF2 < 0 THEN 29~
IF DIPl :> 0 AND D1F2 < 0 THEN
XT ::.:DlF4 * DlFl I DIE;,3
AREA:::: 1 /2 '" XT * DIFl
WP :: SQR(XT " 2 + DIP} 1\ 2)
ELSEIF I>lFI < 0 AND DIF2 > 0 THEN
XT :::::DIF4 * DIF2/ DIF3
AREA ..::::1/2 * XT * DIF2
WP ::::SQR(XT " 2 + DIF2 " 2)
ELSEIF DIFI >= 0 AND DIF2 >::.:.: 0 THEN
XT::-:: DIF4
AREA ::::1 I 2 * (DIFt + DIF2) *' DIF4
Wf' ::: SQR(XT ." 2 + DiF3 J\ 2)
END IF
RAD :::AREA I ws
ROUGR ::,~NCH(Il)
CONV ::::AREA'" itAD t, (2 I 3) I ROUGH
TCONV :::TCONV + CONY
TAREA :;:;TAREA + AREA
TWP= TWP+ WP
TRAD :::::TRAD + RAD
TWIDTH :::TWIDTH +- XT
290 NBXT 12
WL(ll)::.: WS
...........,._~~~·. __s.__!!l(~ • .... _.. __ w _
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H(I1) =~WL(I1) - YM(Il}
K(I1) == TCONV
A(Il) =TAREA
B(H) <= TWIDTH
Van :::Q\~'1.J)I A(IJ)
RETURN· Jl, ~-
_ " ","""" "'".." ~ "" ,· d.,. E> "'_ _ .,. ".
UNH: ? 4th ....Linearisatlon of Hydrodynamics equations
' ,,.. , 'O>,_ "" ~<>,, . .._,_ '"'_ _~ _ _ __ ""u_ "' ~~ · .,. "' ..· ,.., ...
\1
FOR II :;:;1 TO NCRS
IF lTER ::: 1 THEN
WS ::: PRoWL(Il}
Q(I1} :::PR.Q(I1)
GOSUB CSPRP
PR.H(Il) == H(ll)
K.AVEl(Il)::: K(Il)
A.AVEl(I!)::: A(Il)
B.AVBl(ll);;: B(Il)
V.AV£1(I1)::: V(ll)
PR.K(ll) :: K(Il)
PR.V(Il) ;::V(Il)
PR.B(Il) ::::..B(I1)
PRA{I1) ::::A(Il)
ELSE
WS :::PR 1.WL(I1)
0(11) ::: PR l.Q(Il)
GOSUB CSPRP
PR1.H(l1) :::HOI)
K.AVE1(Il) ::-.(1 - XI) '" K(Il) + XI '" PR.K(I1)
END IF
NEXT It
FOR J1 ::: 1 TO (NCRS - 1)
IF ITER::: 1 THEN
B.AVE(I1) :;:;(PRB(Il) +·PR.B(U .i- 1») / 2
A.AVE(Il) ::;:(J>R.A(I1)+ PR.A(Il 0) 1) /2
V.AVE(IJ):::; (PR.V(Il) + PR.V(Il .:. 1» /2
ELSE
B.AV:6(H)::: !.1 - xn * (PR.B(H) +' PRB(Il + 1» /2
'B.AVE(Il) == B.AVE(1,l) + XI * (B(l1) + :am + 1» / .2
A.AVE(Il) :.c: (l -XI) * (PR.A(I1) + PR.A(Il + I») /2
A.AVE(Il) ::: A.A VE(II) + XI * (11.(11) + A(Il + 1» ,I 2
V.AVE(Il) := (1 ~-XI) * (PR.V(l1) + PR.V(Il + 1» /2
V.AVE(Il)::;: V.AVE(Il) + XI Ii< (V(Il) + V(Il + 1)) /2
END IF
NEXT It
RETU&\l
., .. '~ .. - 1000 • .,. "' _"" .. ""',,._ ,, .., .. _ _ tn. M· ·.,;.~ ,"" ,q "' ..
COFH: '5th ....Calculation of coefficients for solution matricc
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., _ ,."" .,. ._ "'i~ ..,.~ ""'""_.. _ _ _ ~
FOR 11= 1 TO NCRS - 1
'Continuity equation,
""' "" ""· · u ...
Cl{H) = B.AVE(Il) *' LCH(a + 1)
C2(Il) ~ ..2 * TH '" TSP
C3(Il) :;:,B.AVE(I1) :;.LCmri + 1)
C4(Il)::: 2 * TH '" TSP
C5(H) ::: 2 ,..(1 • TH) * TSP '" (PR.Q(H + 1) - PR.Q(l1))
C5(Il) :;:;C5(Il) - B.AVE(Il) '" LCH{I1 + 1) '" (PR-H(B + 1) + l'R.H(I1)
C5(Il) ::: -C5(11)
'Momentum equation. .
Ml(lI) = -2 '" 9.81 '" A.AVE(Il) '" TH '" 'rsp
M2(11) :::TH '" ABS(PR.QOl) I K.AVE1(1l) " 2
M2(1l) =; 9.81 '" A.AVE(Il) '" M2(H) * TSP '" LCH(I1 .. 1)
M3(Il) :-;:'J.. *' 9.81 * A.AVE(Il) ...TH >I< TSP
M4(l1):.: TH >:< ABS(PR.Q(Il + 1» I K.AVE1(I1 + 1) "2
M4(Il) : 9.81 '" AA VE(Il) '" M4(Il) '" TSP *' LCH(Il + 1)
PI :::2 ~ (1 - TH) ~.(pR.H(Il + 1) - PR.H(In) >I< TSP
F2::: PR.Q(Il + 1) '" ABS(PR.Q(ll -+ 1» I Pk.K(1l + 1) J\ 2
F2 := (1 - TH) '" F2 '" TSP '" LCH (11 + 1)
F3 = PR.Q(Il) * ABS(PR.Q(I1)) I PR.K(I1) /I. 2
F3:;: (1 - TH) * F3 *,'is!> * LCH(Il + 1)
F4::: ·2 >I< 50(10 :« TSP '" LCa(U + 1)
M5(Il) ;:: ~9.81 '" A.AVE(Il) *' ~fl + F2 + F3 + F4)
' •• -" •• " •• -- •••. - •••• ~••• "•••• _.~ ••••• ;i, '.--.li~••••.'-•.•u.~ •••• -.- ••• - ••
NEXT 11 ii
RETURN,
..... "'''''-. Ji>. _ , ''' '''' ~ '". ""'"' 1IOi "' "" "'_ ...
lIMA T:' 6th ....General arrangement of matrix
.................. "' - ,. "" -, " ~ - "" ,..""' ..-, ...
N ::,;2 '" (NCRS - 1)
DM(l) ;::C3(1): EM(l) ~ C4(1)
CM(2) :::M3(1): DM(2) == M4(1): EM(2) :;:0
If BOC::;:: 1 OR BOC :: 3 THEN
CMO) =: C2(l)
BM(2) ::;M2(1)
FM(1) ::: C5d) - Cl(n >1< (WLU(T%) • Y1'.1(l»
FM(2) = ~15(1) - 11.11(1)'" (WLU(T%) • YM(l)
ELSE
CM(1) ::;;Cl(l)
BM(2) ::.;Ml(1)
FM(1)::: C5(l) • C2(l) '" QU(T%)
FM(2) :;:,M5(1) .. M2(1) '" QU(T'/~')
END IF
FOR U :::4 TO (N - 2) STEP 2
-------------------------,.--.-.--------,._-~-.----------.-~~
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vs u r:
AM(U - 1) :::0: EM(U) ::::0
BM(U ~ 1) =:". Cl(V): AM{U)::: MI(V)
CM(Ll - 1) '= C2(V): BM(U) ~ M2(V)
DM(U - 1) ::: C3tV): CM(U) :::M3(V)
EM(U • 1) = C4(V): DM(U) :::M4(V)
FM(u .. 1):.::C5(V): FM(U) :;::M5(V)
NEXTU
AM(N - 1):::: 0
BM(N - 1)::: Cl(NCRS - 1)
CM(N - 1):: C2{NCRS ~ 1)
AM(N) ~.::Ml(NCRS .' 1)
BM{N) ; M2(NCRS - 1)
IF BOC;;:: 1 OR J30e :: 2 THEN
DM(N - 1) = C4(NCRS .. 1)
CM(N) = M4(NCRS .. 1)
FM(N - n:::: C5{NCRS ~ 1) - C3(Ncr(s - 1) '" (WLD(T%) ..YM(NCRS))
FM(N):= M5(NCRS - 1) .. M3(NCRS • 1) * (WLD(T%) ~ 'r!\1(NCRS»)
ELSE
OM(N .. 1)::: C3(NCRS ~ 1)
CM(N) =: M3(NCRS .. 1)
FM(N .. 1) =: C5(NCRS - 1) • C4(NCRS .. 1) '" QD(T%)
FM(N) = M5(NCRS .. 1) - M4(NCRS .. l} Ii< QD(T%),1
END IF "
RETURN
Pollutant transport sub-model. .~> '.. '101"" ~·'f" r - .,.~ ,. __"' _ ""'..~ ._, _ to_ _
.l..lr-."P:• 7llt ....Ltnearisation (~fequations, -
""' ti. _i "' ,.. "" "" "
FOR lfl,c~ 1 TO NCRS
i.F.l'TliR::::: 1 THEN
PC(11) ::::PR.PC(H)
." ELSE -
PC(Il) .I!: PR l.P(;fll)
ENOIF
NEXT II
FOR II :.::::1 TO NCRS • 1
IF ITER,::: 1 THEN
PCJi VE(Il) ::::(PR.PqI1 + 1) + PR.PC(Il» !2
SLSE
fc'AVE(Il) "" (i - TH) * (PR.PC(Il + 1) + PR.PC(I1) / 2
PC.AVE(ll):: Pc'A"E(ll + 1)+ TH:+: (PC(Il + 1) + PC(!1) / 2
END IF
NEXrH
RETURN
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"COPP:' 8th....Calculauons of fXJcfhllicm for matrix
( • ~ •• " __ ., __ •. .•.• ••. ._, .• _."~ .. _.~_. '·.MO ••• OM_. • •• _
.,,)~ ~::1 TO NCRS ~ I
()~;:f:~~;:!~i·:~·;~:·:·~·~:·:·~;~~·::~:;;;·::p.
"',j P2(!1) :: LCH(ll + 1} t-:2 '" TH '" Vl(l1, T%) '" TSP
P3A ::.~'2 *' kp '" PC.A'VE(I1) '" LCHHl + 1) '" TSP
P3A ::-;;P3A .. (PR.PC(i + 1\ ,..PR.PC(I1» '" LCH(1l + 1)
AA ;:··2>1<PC.AVE(H) I AWl. T%)
P3B:::: AA '" 'fH '" (QIW + I, T%) .. Q1(Il. '1'%») '" ,{,SP
IF Tttr·,:;:;1 THEN
P3C=O
ELSE
P3C::: AA '" (1 • TH) (Ql(I1 + I, T% - tk Ql(H. T% - 1» '" TSP
END IF . L,'i
P3D::: 2'4<VIOl, T%) '" (c,\ - TH) >I< (PR.PC(I1 + oJ" PR.PC(ll» * TSP
P3(11):: -(P3A + P3R+ p:~C + PeD)
NEXT Il
RETURN 1\
~ "" "' 10< , .. ,. o ,,. ~'"_ ' _ , •• " ...
PMAT: .~ 9th ....General arrangement of matrix
',-:0 I( r, '
............... "" -- , -"~ ,.. t' !;':.. " _.., "" "" 'S .., .. .., ...
N == (NCRS - 1) . /\
AM(l) ;. 0: BM(1) :; 01.:
CM(1) ,.. P20)
FM(l) :::P3(1) • PIO) * CU(1'%)
FOR U:;; 1 TO N
AM(Uj;::;: 0
DM(U)::: 0
EM(ll);::;: 0
NEXrU
F(X{ U::: 2 TO N
BM(U) ~ Pt(O)
CM(U) ::: P2(U)
FM(ll) :;;:P3(U)
NEXTU
RETURN
Subro~lim~sfor input and output operations
'.I ,-)
............................."',,1,~,,.,;~.~~..., , ,,~ ,"-,.,. ...
CHDR:' 10111:~"..dngc Disk drive
, "\~ '"'~ .." "'., ~ """. "" ...
CLS: COLOR 7, 0; BOXN:::: 20: BOXTYPE == 0: YBOX:,: 3: XBOX::;; 15
BOXLEN~" 50: BOX$:::: "": GOSUB BOXl
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BOXN:;:. 1: I30XTYPE~' 0: Y!',OX z: 4: xnox « :.!O:DOXl.EN!~ 40
BOX$ ~ "ADVECTIVE WATEi"t QUALITY MODEL": GOSUS BOXI
BOXN ::::1: BOXTYP13 =, 0; YBOX ::;::(); XBOX :;'0 25: HOXLEN ~~30
BOX:; :::.~"SIMULATION PROGRAM"; GOSUB BOXl
130:,' ,~:1: BOXTYPE:::.~ 1: YBOX:c: 10: :{BOX::~23: BOXLEN:::;: 34
BOX$~:::"DATA wmbe LOADED from": oosun BOX1
nOX'rYPE := 1: YBOX ".~14: XBOX :;;"'~4: BOXLEN ~:~12
BOX$::; "DAive" + DRS: CiOSUB BOX1: CO~..OR:31
I l)CATF 1R. 25: PRl.l\:,' "Pr.~ss lSPACE BAR] to change Drive"
COLOR 7, 0: HOXTYPB ,::;;1: YBOX ::::20; XBOX :.::2~): BOX!! .r~N ;;~32
l10X$ "'"" Press IBm{'r.ito confirm": GOSUR BOXl: nOTO j
340 LO':;Al'r~21, :'3
350 K$" i '.aWY$: IF K$::' "' THEN 350 ELSE K '7 ASC(K$),r; K$ <> " I' THEN 370
n· l)R$ ::::"A:" THEN DP.$ ;::;"B:" ELSE IF DRS .:;:liB: I THEN DR~' ,:::lie:
EI..~;~DR$:: "A:"
3()O IDeATE 15. I'~: PRINT DR$; : G01'O 340
370 IF K -:. 13 OR' K ::"27 THEN RETURN ELSE 340
RETURN
OFOP: l lth.i..Output file operations
COLOR 7. (\; BOXN:: 5: BOXTYPE:::: 1: YBOX::; 16: xsox « 20
BOXLEN "',40: BOX$::: '"': GOSl1B BOXl
BOXN;::: 1: nOXTYPE::!; 1: YBOX:;:: 17: XHOX::: 25; BOX LEN :;:;30
BOX$::':.'"Store RESULTS in drive" + DR$.: GOSUB BOXl
LOCATE 20, 28: PRINT "Enter filename ;": COLOR 31
1.0CATE 21, 25: PRIl'I'T "Press f. cc bar] to ch..mge drl~e "
COI.(JR 7, 0; LOCATE 23, 25: r \'<JT 11 Press [Ent.er] to continue "
LL ::::0; CY :-:20; ex :::45: K$ :-:! F$
X :::0: F$ :.::SPACE$(20): WLEN ::: };
180 LQCATE CY, ex 'r X, 1
190 A$::= INKEYS: IF AS;::: "" OR LEN(AS):=: 2. THEN 180
K ~ i ,:1(XA$): IF 1: ....~,OR K ..~~.12OR K ::0: 24 THEN 180
IF (I<. 1:1 AND X"" fO OR K:; 27 'l'IIEN F$ ~.:K$: RETURN
IF A$ <> II r e THi.:;:t.J :LOO
IF DRS ;0; "A:1i THEN DR$ ~ "H:" ELSE IF DRS;;; "B;" THEN DR$ :':: "C:"
ELSE DRS :;t (IA:"
COLOR 31: LOCATE IS. 51: PRINT DRS: COLOR 7.0: 00'1'0 ISO
200 IF K = 46 THEN 190
IF K ~ 13 THEN F$:;; LBFfS(F$. \.VLEN): T:= 1: RETURN
:110 IF X. < 1 Al'10 (K. ~ WLEN) THEN LOCATE CY, ex; PRINT" ": Lt')CATF.
CY, ex: BEEP: OOTO 180
IF K ' ':'9 OR K =:- WLEN THEN A$ "'~" ": (iOTO 220
X ~ X + 1: IF X > \VLEN THEN X~: WLEN: GOTO IhO
PRINT A$;
220 IF X ;;:;(I THEN BEEP: OOTO um
Mll).:I(F$. x, 1) z: A$
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IF K '" WLEN THEN LOCATE CY, ex + X: PRINT A$:.x~: X - 1: LOCA'!"E
cv. ex + x. PRINT A$: LOCATE CY, + X
OOTO 180
J$::. F$: CLS : COLOR 7,0
RHTURN,
.,,~.., ,~.., ..."'~ ...""...""~.... '/'''' "' ....., ..... ., ... ,..""" ..."' ...........""""""'''''''''-''''''-''''"'''' .:,t::H~"''''''''''' ...". ......... "' ... ~'r..........'''''1''"""""",",, lOr'"
LOAD: \ J2th" ..Lomi existing data mf~
'Cross-section data,
... ",..,. "',.. ,.~~".' •."...""'~ti>~..~..""...
1.1,::.: 1: MRG .•.~ 0: CLS: COLOR 7,0
IF K::.: 27 T!tEN IF MRG :> o THEN MRG ~ 0: CHAIN "DRIVE"
HOX1YPH;;: 0: YBO:\:::.;; 1: XBOX;,:~ 15: BOXLEN:::; 40
BOX$ .;; "ADVEC1THE \yATER QUALITY MODEL": GOSUB BOXl
BOX7'YPE =: 1; YB(JX ::: '3; XBOX ~ 1: BOXLEN = 75
BOX$::: ""; OOSUB BOX)
X::: 0: LOCATE 6, 1. 1.J2, 12; ON ERROR 00'1'0 560
FILES DR$ + "*.CS": PRI";l1' STRING$(77. CHR$(205»)
380 ON ERROR OOTO 580
aOXT":{PE::; 1: XBOX:::: 20: Xl>OX:":! 1: BOXLEN:::: 75
BOX$ ::::"": GOSeS BOXl
390 ON ERRORGOTO 0: LOCATE 21,15; COLOR 31
PRINT" [Esc] (0 Abort (Emer] to conflrm selection";
COLm~ 7.0: 1($:::: F$: CY ::::;"I: lY ;::;4: ex ..:: 1~JX :-.::1
F$ ~~"": WI) ::~12: FJLE$ ;~ "": TVP '""0
400 FILES:;; "": FOR Z:::: 1 TO 12
FILES:::. FILES + CHR$(S.:REEl"·T(CY, ex + Z; - 1»)
NEXT Z
IF HLE$::' " " THEN ex =~IX:; CY =.: JY: FILE$::: F$: GOTO 430
IF INSTR(FILE$, CHR$(2i ;» :> 0 AND K ::::r: THEN REEl>: CY ::::C1" ~ 1:
aOTO 550
IF lNSTR(FILE$, CflR$(20S):! :> 0 l\ND K ~: 8(' THEN 420 ELSE 00'1'0 430
·~2() BEEP:Ci' ':-.::CY + 1: ,'0550 !
.BO TYP::; 0; LOCATE C'\. ex: COLOR 0, 7: PRINT FILE$: : COLOR 7.,0
LOCATE 4. 10: l'RINT "Loadtng :"; : COLOR 31
IF INSTR(FILE$, ".CS") > 0 'fHEN PRINT "(~ROSS..SECTION"
LOCATE CY. ex: COLOF 31: PRIN'T FILE$: COLOR '1. 0
LOCATE 4,40: PRINT 'Tirenamc: "; : COLOI~.0, 7: PRINT FILES';
~q() COLOR 7. 0: .~~K$::..;INKEY$; IF KK$ e:-: "" THEN ,,~,11)
IF LEN(KK$):;~ 1 THEN K::. AS(XKKS) ELSE K :::.r\S(XMID$(KK$, 2, 1)
JY;;; CY: l'X:::; ex: F$ ::: FILE$
IF K ;; 27 THEN 450 ELSE 460
450 IF MRG <> 0 THEN MRG :::;n CHAIN "DR1VE" ELS[~ MRG ~::0
460 IF K <> 1:: THEN 500
IF MRG •..:> ;\ THEN 490
ON ERROR OOTO .180
470 ,l\,tRG::0: 0: F$ ::".:K5;; CHAIN "DRIVE"'
480 RESU!\i{f~ 470
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490 IF MRG :c; 0 THEN 600
500 IFK:.:.-:120RK::::5THEN51O 'UP
IF K :.:;;80 OR:K :0:: 24 THEN 520 'DOWN
!F K :::;77 OR K :::::4 THEN 530 'RKH'IT
IF K:;.::75 OR K:.::: 19 THBN 540 'LEFT'
GOTO 440
510 IF CY ~:::-;4 THEN 440 ELSE CY c'" Cy ~ 1: GOTO 550
S20 IF CY;.Jo::::24 TH!1N 440 El.SE CY:-;.;CY.,. 1: GOTO 550
5~O IF ex. >::: 66 THEN 440 ELSE ex :;;:;ex + 18; nOTO 550
540 IF ex <~-::1 THEN 440 ELSE ex c';: ex n l,8: (TOTO 550
sst) LOCATE JY, 1X: PRINT F$: COTO 400
560 RESUME $70
570 x:::; X + 1: 00'1'0 380
580 RESUME ;\90
590 IF X s: 0 THEN (JOSUE 390 ELSE LOCATE 12. 28: PRINT "NO CS Files"
LOCATE 25. 1: PRJt;;T S'fRING$(40. II "); : BEEP: 'GOSUB DIR2
LOCATE 22, t: COLOR 7, 0: PRINT STRlNG$(78, CHR$(196))
600 SV:.-: f): cis :LOCAT~ 10, 37: PRINT LOADING
BOX$ =- P$ + ''.CS'': GOSUB uoxt
OPEN ''1'', #1, DR$ + F$
INPUT #1. NCRS
FfJR II:::: 1 TO NCRS
IJ:'..i1>UT#1, n, LCH(Il). NCH(J1), NP(ll)
FOR 12 !;" 1 TO NP(ll)
INPtJ'! #1, XI(II , 12), Y1(I1, 12)
NEXT 12
NEXT It
CLOSE #1. J$ ::::MID$(E$, 1, INSTR(F$, ".") ~ 1)
•• ,""'k<0I0", ........ ~ .. ~, .. 4 .... "", ............. #1 ... ,,, ...
'Boundary condition'; data
:t ,." , ,., ..,"' ', _'" """" ..
LL ;~"1: t\1 RU -::.:0: GOSUB CHDR.: CLS : COLOR o. 7
IF K ::::::7 THEN IF MRG ;;..0 THEN MRG ::.:0; CHAIN "DRlVE,"
H()XTV'PE t.:: 0: ync/x ~:.1: XBOX :::,;15: BOXLEN r.::: 40
BOX$ ~.;"ADVECTIV[; WATER QUALITY MODEL": GOSl.1B BOX1
HOXTYPE :,~ '1: YBOX::.:: 3: XBOX:.::: 1: B()XLEN;:;: 75
BOX$:::.: "": oosue BOX1
X=. 0: LOCATE 6, 1. 1, 12, 12: ON ERROR lJOTO 780
FILES DRS 4- "*'"BC": PRINT STRING$(77, CHR$(205»
(1W ON ERROR GOTO SOO
BOXTYPE ;: 1: YBOX ::.:"20: XBOX ::::1: BOXLEN :r: 75
BOX$ ::::lit!: GOSUB BOXl
620 ON ERRQR ooro O. LOCATE 21,15: COLOR 31
PlaNT ,. [Esc} to d~" rt [Enter] to confirm selection";
COLOR 7. 0: K$ ,;:;1°'$: CY :;.-;7; lY :=: 4: ex ::::1~.I": ..;;:1
F$ <:: <In: \VD :;:0.: 12: FILE$ ::: It": TYP :;;.:0
630 FILE$ ::;~"": FOR Z .:: 1 TO 12
FILES :~.,FILE$ ... CHR$(SCREEN(CY, ex + z ~1)
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NEXTZ
IF FILES c";'! " " THEN ex c: .lX; CY ~;::.tY: FILE$ :;::FS: OOTO 650
n:; mSTR(FUJ!$, CHR$(20S,)):> o AND K ~ n THEN BEEP: CY:;:: cv ~ 1:
(''10TO 770
IF INSTR(FILE$, CHR$(205» :> () AND K ~: 80 THEN 640 ELSE GOTO 650
(J40 BEEP: CY ::= cv +- 1: GOTO 770
650 TYP!':': 0: LOCATE CY, ex: COLOR (I, 7: PRINT FILE'{; : COLOR 7, n
LOCATE 4, 10: PRINT "Loadir s :";:COLOR:;}
iF INSTR{fILf.$, ".Be") :> n THEN PRIl\V'f "BCH1NI}ARY CONDITIONS
DATA"
LOCATE cv, ex; COlOR :1: PRINT FILE$: COLOR 7,0
LOCATB ·t, 40: PRINT "Filename: ": : COLOR 0, 7: PRJ.NT f'ILE$i
(}60 COLOR 7, 0
: KK$ :;:.INKE is: IF KK$ :.::"" THEN 660
IF t.EN(KK$) :: I THEN K = ASC(KK$) ELSE K :.:0: ASC(MID$(KK$, 2, 1))
JY::: CY; JX = ex: F$:::: F(LE$
IF K ;;: '}.7 "HEN 670 ELSE. 6RO ;f
.)70 IP MF,G <> 0 THEN MRG :::0: CHAn4 "DRIVE" BLSE MRG ;:; 0
680 IF K <> 13 THEN 110
IF MRG <> 3 THEN 710
.; ON ERROR GOTO 7{)()
690 MRG :-:;:0: F$ :: K$: CHAIN "DRIVE"
700 R!::SUME690
710 II- ~mo::;,0 THEN 820
720 IF K ::::72 OR K ::::5 THEN 730 'UP
IF K ::::00 OR K ::::24 THEN 740 'DOWN
IF K .:: 77 OR K =: 4 THEN 750 'RIGHT
IF K '= 75 OR K :::0 19 11fEN 760 'LEfT
GOTO 660
130 IF CY <::-: 4 THEN 66fJ BLSE CY ~ Cy ~ 1: GOTO 170
740 IF CY >::.~24 THEN 660 EtSE CY =, cv + r. OOTO 770
150 IF ex >:::: 66 THEN 660 ELSE ex ':.-! ex + 18: GOTO 770
760 IF ex «:;:!. 1 THEN S60 Et!';;,.:cx - ex" IS: GOTO 770
no LOCATE IY, JX: PRINT .F$: (JOTO 630
780 RESlJM::~790
790 X:;.:::X ;.. 1: GOTO ('.to
8(X) RESUME 810
810 IF X '>""; r., THEN GOStJB 620 ELSE LOCATE 12, 28: PRINT "NO BD Files"
LOCATE 25. 1: PRINT STRING$(40. " "); : BEEP: 'OOSUB l)1R2
LOCATE 22. 1: COLOR 7. 0: PRINT STRING$(78. CHR$(196»)
820 SV =: 0: CLS ; LOCATE 10,37: PRINT LOADING
BOX$ :: F$ + ".Bf;:::: (;OSllS BOXl
OPEN "I", #1, DR$ + F$
INPUT #:1, SDU, TSU, NTSU
FOR 1'% c:: 1 TO NTSD
INPUT :lil.T(T%), QU('I'%). WLU(T'}i»). (:U(T%,)
NEXTT%
INPUT ·1fi. SDD, TSD, NTSD
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FOR '1'% c'::'; 1 TO NTSf)
INPUT #1. T(T(:O. QD{T%). \VLD(TCJil), CD(T III
NEXTT%
CLOSJ":4fl, J~~::::MID${F$, 1. !NSTR(F$. ''.") ~ 1)
RETURN
BO.X 1: • 1:I....Draw box
COLOR. 7, (I
IF BOXIYPE -:.,0 THEN
BOX1 ::-.201: BOX2::: 187: BOX3 ::;:20n
Bl)X4 =::;; 188: BOXU ;: 186: nOXL ::; 205
END If'
IF BOXTYPE "'"1 THEN
BOX1 .;: 218: nOX2 :; 191: BOX3 ::::192
BOX4:::: 217: BOXU:= 179: BOXL:= 196
ENOIF
l.OCATE V30X, XBOX; PRINT CHRS(BOX1): STRING$(BOXLEN.
CHR$(BO~:L)~: CHR$(BOX2)
FOP,'! ::: 1 TO BOXN
YBOX :: YBOX + 1
LOCATE YBOX, xnox. PRINT CHR$(BOXU);
LOCATE YEOX, XBOX + BOXLEN + 1: PRINT CI!R$(BOXU)
NEXT I
LO(,A TE vsox xaox + (BOXLEN ' LEN(BOX$)) I 2; PRINT BOX$;
LOCATE YBOX + 1. XBOX: PRINT CHRSi(BOX3); STRINGS(BOXLcN.
CHR$(BO?,L); CHR.S{ilOX4);
RETURN
' ..,. " _ ~ "" ,., .1 "" _ "" ,~"' ••• ...;. " " ...
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------,_. ---,--_._,..--_,--
'* " ,ADVEt."TIVE WATER QUALITY MODEL *
'* .Developed by ::"lusa S. Purcmele *
·*...., ,.." OUTPUT HANDLING MODUi,E *
'* version 1.0 *
'* September 1991 *
'****.***************************~*********~***********************
OPTION BASE 1
DIM Ql(90. 90). WL1(90, 90), PCl(90. 9m, VI(90. 90), LCH(90)
DJM lTERH(90), ITERP(90). QMAX(90), WMA;;:(90). QMIN(90)
DIM WMIN(90). PMAX(90), PMIN(90)
MENU: CLS: COLOR 7, 0
BOXN:;::. 18: BOXTYPE:::; 0: YBOX '''' 3: XBOX ~-:.;15: BOXLEN::::: 50
BOXS~! ""; (jOSUS BOXl
BOXN ,,: 1: BOXTYPE ::::0: YBOX ::.;';4: XBOX ::;20: BOXLEN :.::::40
BOX$:::: "ADVETIVE WATER QUAL1TY MODEL": casus BOXI
.BOXN "" 1: BOXTYPE ::: 1: YBOX = 6: XBOX ~c:25: BOXLEN == 30
B0X$ ~ 1I OUTPUT OPERATIONS": GOSUB BOXl
j'" LOCATE 10. 31: PRINT "I J••LOAD Output file"
/ ~lJOCATE 12, 31: PRINT If[ l..DISPLAY results"
<:: LOCATE J4, 31: PRINT Ii[ ] ..PRINTresults ,.
LOCATE Hi. 3J: PRINT."I J..EX1T Module"
LOCATE 10.32: PRINT "1.": LOCATE 12, 32: PRINT "D"
LOCATE 14.32: PRINT "P"; LOCATE 16. 32: PRINT "E"
COLOR 7, 0: BOXTYPE '::::1: 'YBOX -:::;"18: XBOX "'"28: ROXLEN ;:;:25
BOX$!':::II ENTER Selection: [ r: dOSU8 BOX1
l.OCATE 19,50, 1. 1, 10
:00 ED$ :: INKEY$: IF Ens::: uu THEN 100
IF ED$ ::':"L" OR EO$ ::: "1"THEN GOStJB LOAD
IF EDS .:::"0" OR ED$ ::: "d" THEN GOStJB DISP
If EOS :.::lip" OR sos ;:::"p" THEN oosus PRNT
IF EPS ::: "Etl OR ED$ ,-,:;~'c"tHEN CHAIN "DRIVE"
ENL
existing Data fik~s
GOSlin CDR\,
CLS : LOCATE 7,0; PRINT "LIST OF DATA FILES IN DRIVE "; : COLOR
31; PRINT BB$
COLOR '7,0: PRINT STRIN(1S(78, 196): ON ERROR OOTO 230
PRINT "~w~CROSS·SBCfION,,~-~":COLOR7.0
EXT·~ 1: FILES BB$ + "*.CS"; ON ERROR GOTO 230
200 PRI1'l'1'"~·~BOtJNDARY CONDITION····": COLOR 7, (1
EXT::::: 2; ON BRROR ooro 230: FILES BB$ + "*.BC"
ON ERROR GOTO 0
210 aOSOB fJIR2: RETURN
DIR2: tOCATE 2:~,28: COLOR 31: PRINT "PRESS ANY KEY TO CONTINUE";
: COLOR 7. 0: BEEP
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220 A$ ~-::INKEY$: IF A$ ::::"" THEN 220 ELSE RETURN
230 RESUME 240
240 PRINT "No existing files ...'': BEEP
ON ERROR GOTO 0: IF EXT:: 1 THEN 200 ELSE 210
RETURN
• "'1 ,_ ."". ..,"' "" -*"'_ ...
FDOP: 'Filename and Drive Operation,
................................ "" ,,"' 0;<"" ...
CLS: COLOR 7.0: BOXN::: t: BOX'l'YPE =: 0: YBOX:::: 5: XBOX ~ 16
BOXLEN ::::42: BOX$ :::;:"Insert DATA DISK in DRIVE to + BB$: GOSUB
BOXl
G LOCATE W. 26: PRINT "ENTER FILENAME .": COLOR 31
LOCATE 16.20: PRI:t-.'T"Pross [Space Bar] to change DRIVE "; COLOR 7,0
LOCATE 18.20: PRINT n Press [ESC] to abort";
LL.~~0: CY :.:;10: ex ::::43: K$ -e F$
X::.-.0: F$ =: SPACES(20): WLEN:::: 8
1100 LOCATE CY, CX + X, 1
1110 A$:::: INl\.LY$' IF A$ ::::tiff OR LEN(A$) ::: 2 THEN 1100
K:::: ASC(A$): IF K == 5 OR K:.:::12 OR K:::: 24 THEN 1100
IF (K ::::13 AND X ::;:0) OR K ::::27 THEN F$ ~.::K$: RETURN
IF A$ <>- " " THEN 1120
IF BB$ .:::"A:" THEN BBS ::::fiB:" ELSE IF BB$ :::;:"13:"THEN BBS ::::"e:" ELSE
EBS::; "A:"
COLOR 31: LOCATE 6. 50: PRINT BB$; : COLOR 7.0: GOTO imo
1120 IF K :;;46 THEN HI 0
IF K = 13 THEN F$ ;...;LEFT$(F$, WLEN): T :;;:1: RETURN
1130 IF X < 1 AND (K:::: WLEN) THEN LOCATE cr. ex: PRINT" "; LOCATE
CY, ex: BEEP: GOTO 1100
!r~K ~ 39 OR K :;;:WLEN THEN AS = n ": GOTO 1140
X:,O;X -I- 1: IF X:> WLEN THEN X:::;:WLEN': GOTO 1100
PRINT AS:
1140 IF X ::::0 THEN BEEP: GQ"J'O 1100
MrD$(FS. X. 1) ::: A$
IF K::: WLEN THEN LOCATE CY, ex + X: PRINT A$. X::;; X-I: LOCATE
CY. CX +,X: PRINT AS: LOCATE cv, ex + x
GOTO 1100
';$:~ P$
CLS < COLOR 7, 0
RETURN
DISP: 'Display results on screen
CLS: COLOR 7, 0: BOXN::: 1: BOXTYPE::.: 0: YBOX <:: 1: XBOX::; 15
BOXLEN :::;:50: BOX$:::: "ADVECfIVE WATER QUALITY MODEL": GOSUB
BOXl
BOXN ::: 1: BOXTYPE = 1: YBOX :.:::3: XBOX :.::20: BOXLEN :.:::40
BOX$ :.::"HYDRODYNAMICS RESULTS": GOSUB BOXl
FOR n : !TO NCRS: COLOR 7, 0
------.----------~----------------------~------------
Appendix A A 44
LOCA'fE 5, 30: PRINT "Cross-section no."; 11
LOCATE 6, 30: PRINT "---.-------------.--"
LOCATE 7,10: PRINT" Time It; SPC(5); It Flow "; SPC(7); "Stage "; SPC(7);
"Velocity"; SPC(7); "Iter"
LOCATE 8,10: PRINT "(mins)"; SpecS); "(cumecs)"; SPC(7); " (m) "; Spe(7);
U (m/s) "; SPC(lO);" "
LOCATE <), 10: PRU'>!1 "----------------------------- ..---.-- .•--------------------- ..
FOR T% :.: 1 TO NTS
1'M ::.:(T% - 1) >I< 1'S
C= 10
IF T% > 11 THEN R =: T% - 2 ELSE R ::'Z T% + 9
IF T% > 22 THEN
R.:= T% - 13
C=9
ENDlF
LOCATE R, C: PRINT USING "####.##"; 'I'M; Spe(5); Ql(I1, T%); SPe(7);
WL1(I1, T%); SPC(6)t V1(I1, T%); SPC(7); ITERH(Tt{(I)
IFT%:: 11 OR T%:: 22 THEN
BOXTYPE := 1: YBOX =: 22: XBOX ;:: 26: BOXLBN =: 28
BOXS ':;:"Press rEnter] to Continue"; GOSUB BOX 1
LOCATE 23, 35: INPUT It", ED$: ED$ == INKEY$
IF EDS ;: "E" THEN 1150
END IF
1150 NEXT 'fl.lh
BOXTVPE == 1: YBOX :;:::.22: XI30X :::26: BOXLEN ::-.:28
BOX$;; "Press [Enter] to Continue": GOSUB BOXI
LOCATE 23, 35: INPUT "", BU$: ED$ :: INKEY$
iF EDS :: "" THEN 1160
1160 1\l"£XT 11
(30S()n MENU
RETUR.t~
FOR 11 :: 1 TO NCRS
BOXN = 1: BOXTYPE::: 0; YBOX::::: 1: XBOX:::: 20: BOXLEN::;: 40
BOX$::.: "ADVETIVE WATER QUALITY MODEL": GOSUB BOXI
BOXN::: 1: BOXTYPE:::: 1; YBOX::: 3: XBOX:-,o25: BOXLEN::: 30
.BOXS::: "POLLUTANT TRANSPORT RESULTS": GCSUB BOXI
LOCATE 5, 32: PRINT "Cross-section no,"; 11
LOCATE 6, 32: PRI!'-.1T"-.~."---.-----.-._.-"
l.OCATE 8. 10: PRINT" Time '\ "Concentration", "Iter"
LOCATE 9, iO: PRINT "tmlns)";" (mgfl) ", till
LOCATE 10, 10; PRINT It-.----- •• - ..... -.---.---.------------ ....----. -"
FOR T% ::: 1 TO NTS
TM:: (T% - 1) * TS: R :::T<'-1, + 10
LOCATE R. 10: PRINT TM. PCl(Il, T%), SPC(2); ,ITERP(T%)
NEXTT%
NEXT II
RETURN
, -~ - Q .. "., ""
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PRNT: 'Send results to printer,..... _ """"' "."' .., .,.
L P R I N T s p C ( 5 )
tt===::=~========::.,:::~~================::.-...::==::::===========tf
LPRINT Spe(5); "ADVECrIVE WATER QUALITY MODEL II
LPRINT SPC(5); "Developed by Musa S.Furumclc"
LPRINI SpecS); "Version 1.0"
LPRINT SPC(5); "September 1991"
LPRINT SPC(5)
LPRINT SPC(5): "SIMULATION RESULTS : FIl ENAME:"; F$
LPRINT SPC(5)
"************************************~'*****************"
LPRINT SPC(5); "Duration ..,::"; SD; "mins"
LPRINT sPqS); "Time step (dt) ="; T8; "mins''
LPRINT SPC(5); "Reach length (dx) ="; LC; "m"
LPRINT SPC(5); "'fheta...... ="; TH
LPRINT 81'C(5); "Xi......... ="; XI
LPR1NT SPC'(5); "~.~••---.----------~----.~--- ••~-••---••--------------"
,~ LPRlNT 81'C(5); "HYDRODYNAMICS SUB-MODEL"
LPRli\Vf SPC(5); "~__~_~ .._"~ u "
11 ::; 10
'FOR n :::1 TO NCRS
LPRINT SPC(5); " ... _.__ "
LPRINT SpecS); "Cross-section no."; 11 + 1; " at Km"; (11) * l,C
LPRII\T'}'SPC(5); ".-",---~--.~------.--" ..
LPRINT specs); " Time "; SPC(S);" Fll.'w "; SPC(2); " Stage "; SPC(3):
"Velocity"; SPC(5); ".Iter"
LPRINT SPC(5); "(mins)"; SPC(S); "(cumecs)"; SPC(2);" (m) ": SPC(3); ..
(rols) .", h II
Lf'RIN'f 8PC(5): "~ .._u __• ~ • • •• • •__,, \\,
FOR T'Yc,;:: '1 TO NTS
TIME::; (T%. - 1) * TS
IF T% <= 17 THEN
LPRINT USING "###.##"; SpecS); TIME; specs); or.n, T%); SpecS);
WL!(Il, 1%); SPC(3); VI(Il, T%); Spe(5): ITERH(T%)
ELSE
LPRINT USING "#tI##.##"; SPC(4); TIME; SPC(4); Q1(11, T%); SPC(4);
WL1(Il. T%); SPC(2); V10l, T%); SPC(4); ITERH(,Pi1,)
END IF
NEXTT%
LPRINT SPC(5); " _
'NEXT II
"
L P R I N T s P C ( 5 )
"***********************************************:::*****"
LPRINT SPC(5); "POLLUTANT TRANSPORT SUB-MODEL"
LPRINT specs); It~n~Q.~~ • ._._b ."
'POR 11 :.'"1 TO NCRS
Appendix A A 46
----------------------------------------------------
LPRIN! SPC(5); "__ • .. "
LPRINT SPC(5); "Cross-section no."; 11
LPRINT SPC(5); "---- .•-------------,,
LPRINT .,"
LPRINT SPC(5); " Time "," TOS ", "Iter"
LPRiNT SPC(5); "(mim;)"," (mgll) "," "
LPRINT SPC(5); ,,--••--.-------- ••--..--._---.•. _."
FOR T% :;~1 TO NTS
TIME =: (T% ~ 1) * 1'5
IF T% <== 17 THEN
LPRINT USING "###,##"; SPCI'fi); TIME; SPC(4); PC1(1l. T%); SPC(3);
lTERP(T%)
ELSE
i,PRINT USING "####.##"; SPC(5); TIME; SPC(3); PCl(Il. T%); SPC(2);
ITERP(T%)
END IF
NEXTT%
LP.RINT SPC(5); "•••••-••••>< •• - •• ------- .. ::----- •••• ----.----."
'NEXT 11
L P R 1 N T s P C ( 5 )
"****"'*"'*********"'*********************"**************"'''
LPRINT SPC(5); " SUMMARY OF RESULTS
LPRINT SPC(5); "Maximum .. stage.flow.pollutant concentration"
LPRINT SPC(5); "-----.---,,.------------------.,,~----------~-~"
LPRINT SPC(5); tttl
LPRINT SPC(5); "Section", tt Flew n," Stage ", "TDS "
LPRI£'..rrrSPC(5,: tr ", "(cumecs)"," (m) "," mg!l tr
LPRINI SpecS); it _~•• ••_~" .,_. •• __._ •• ,~.,•.•__• __• .tt
FOR II == 1 ro NCRS
LPRIl\!'f USING "###.##"; SPC(5); 11; SPC(4); QMAX(I1): SPC(8);
WMAX(Il); SPC(S); PMAX(Il)
NEXTU
LPRINT specs): "_.,...~.,_. •__•__...__"u •• "_~__._ .. --------."
LPRINT SPC(5); "Minimum- Slagc,flow,pollutant concentration"
LPRINT SPC(5); tt -- •••_•• ,. __"~ ._ .._•• - • __.. •• __,.
LPRINT SPC(5);· "It
LPRINT SPC(5); "Section"," Flow ", It Stage ". 1t TDS "
I..PRINT SPC(5): It ", "(cuUlees)"," (m) It," mgll "
l.FRINT SPC(S); It---.---~,,---- •.,.-----.--"--.,., ••• -.----,.--~-------"
FOR II ::.:1 TO NCRS
LPRINT USING "###.##"; SpecS); 11; SPC(4); QMAX(Il); SPC(8);
WMAX(I1); SPC(5); PMAX(Il)
NEXT 11
"
L P R I N T specs);
"*******************************e*********************"
RETURN
' "" ..~ ...
LOAD: 'LOAD output file
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• .................. -_ ......... - ....- ......
LL:::; 1: MRG ""'0: GOSUB CDRV: CLS: COLOR 7,0
IF K := 27 THEN IF MRG :> 0 THEN .MRG :: 0
BOXTYPE:::: 0: YBOX:::: 1:XBOX:::: 15:BOXLEN::::: 40
BOX$ =: "ADVECfIVE WATER QUALITY MODEL": GOSUB BOXl
BOXTYPE ;; ·1: YBOX =: 3: XBOX ::: 1: BOXLEN ::::75
BOX$ =: "": GOSUS BOX}
X::: 0: LOCATE 6, 1, I, 12, 12: ON ERROR GOTO 1330
FILES BB$ + "*.0'01''': PRINT STRING$(77, CHR$(205»)
1170 ONERRORGOTO 0: LOCATE 21.15: COLOR 31
PRINT t. [ESC] to Abort CENTERJ to Confirm selection";
COLOR 7,0: K$::: F$; CY:::: 7: IY:= 4: ex == 1: JX::: 1
F$ := fill; WD:::: 12: FILES::;: "": TYI' ::: 0
1180 FILE$:= It": FOR Z::: 1 TO 12
FILE$:::; FILE$ + CHR$(SCREEN(CY. ex.,. z - 1»
!\'EXT Z
IF FILE$ ::: " .. THEN ex == JX: CY ::::JY: FILE$ :::::F$: GOTO 1200
IF INS1R(FlLE$, CHR$(20S»:> 0 AND K:::::72 THEN BEEP: CY =.: CY - 1:
GOTO 1320
IF JNSTR(FlLE$, CHR$(205» :> 0 AND K :::;80 THEN 1190 ELSE 1200
1190 BEEP: CY::: cv + 1: GOTO 1320
1200 TYP = 0: tOCATE CY. CX: COLOR 0,1: PRINT FILE$; : COLOR 7. 0
LOCATE 4. 10: PRINT "Loading :"; : COLOR 31
IF INSTR(FILE$, ".OUT") > 0 THEN PRINT "OUTPUT FILES II
LOCATE cv, ex: COLOR 31: PRINT FILE$; : COLOR 7. o
LOGATE 4. 40: PRINT "Filename: "; : COLOR 0,7: PRINT FILE$;
1210 COLOR 7, 0: KK$ := INKEY$: IF KK$ ::: lilt THEN 1210
IF LEN(KK$) ;;::1 THEN K :::::ASC(KK$) ELSE K = ASC(MID$(KK$. 2. 1)
IY ;:; CY: JX ::.:CX: F$ :::;:FILE$
IF K =: 27 THEN 1220 ELSE 1230
1220 IF MRG > 0 THEN MRG =: 0
1230 IF K <> 13 THEN 1270
IF MRG <> 3 THEN 1260
1240 MRG:::: 0: F$:::: K$
1250 RESUME ·1240
'1260 IF MRG ;::0 THEN GOTO to
1270 IF K ::::72 OR K ::;:5 THEN 1280 'UP
IF K ::::80 OR K ::::24 THEN 1290 'DWN
IF K :::n OR K ;.:::4 THEN 1300 'RT
IF K:; 75 OR K:;.::19 THEN 1310 'LF
GOTO 1210
1280 IF CY <= 5 THEN 1210 ELSE CY::.-:cv - 1: GOTO 1320
1290 IF CY >= 24 THEN 1210 ELSE CY::.: cv + 1: GOTO 1320
1300 IF ex >= 66 THEN 1210 ELSE ex::: ex + 18: GOTO 1320
1310 IF CX <= 1 THEN 1210 ELSE ex:= ex ~18: GOTO 1320
1320 LOCATE JY, JX: PRINT F$: GOTO 1180
1330 RESUME 1340
1340 X ~ X + 1
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1350 RESUME 1360
1360 IF X:::::oTHEN GOSUB 1170 ELSE LOCATE 12,28: PRINT "No output files
"
LOCATE 25, 1: PRINT STRn\jG:2(40, " "); : BEEP: GOSUn DIR2
LOCATE 22. I: COLOR " 0: PRII'-l'TSTRINGS(78. CHR$(196»
LO: SV:::; 0: CLS: LOCATE 37: PRINT "LOADING"
BOXN:::: 1: BCJXTYPE:.:.: YBOX:=: 12: XBOX = 32: BOXLEN::: 16
BOX$ :::::F$: GOSUB
(}"l;EN "I", #1, BB$ ·1· F$ + "OUT"
iNPUT #1, LC
INPUT #1, NCRS, SD, TS. NTS, TH, XI
FOR T% :=: 1 TO NTS
FOR 11 :=; 1 TO N~R~
INPUT #1, Q1(11, T'1t.'),WLl(Il, T%), VI(Il, T%). lTERH(T%)
NEXT 11
NEXTT%
FOR T% ::-~1 TO NTS
FOR Il ::: 1 TO NCRS
INPUT #1, PCl (II, 1:l?la), ITERP(T%)
NEXT II
NEXTnt:> .
FOR Ii ;:1 t~')NCRS
INPUT :#1, QMAX(Il). QMIN(I!)
1l'l'PUT#1. WMAX(ll). WMIN(Il)
INPUT #1, PMAX(Il). PMIN(il)
NEXT II
CLOSE #1
aOSUB MENU: RETURN,
-".,"" ...............
BOX1: 'Draws box,
"" .
COLOR 7. 0
IF BOXTYPE ~ 0 THEN BOXl ::;:201, BOX2::: 187: BOX3 ::: 200: BOX4:::
188: BOXU::: 186; BOXL:: 205
IF BOXTYPE::: J THEN BOX1 ::: 218: BOX2::::: 191: BOX3 ::: 192: BOX4 :;:;
217: B0XU::: 179: BOXL::: 196
LOCATE YBOX, XBOX' PRINT CHR$(BOXl); STRING$(BOXLEN,
CHR$(BOXL»: CHRS(B()X2)
FOR I ::: 1 TO BOXN
YBOX :::YBOX + 1
LOCATE YBOX. XBOX: PRINT CHR$(BOXU);
LOCATE YUOX, XBOX + BOXLEN + 1: PRINT CHR${BOXU)
NEXT I
LOCATE YBOX, XBOX + (BOXLEN - LEN(BOX$) /2: PRINT BOX$;
LOCATE YBOX + 1. XBOX: PRINT CHR$(BOX3); STRING$(BOXLEN.
CHR$(BOXL.»; CHR.$(BOX4);
RETURN
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CDRV: 'CHANGE Disk Drive
CLS ; BOXN ""' 20: BOXTYPE :-: 0: YBOX :::::3: XEOX ::: 15
BOXLEN "'"50: BOX$ "'"''''': (JOSUS BOX1
BOXN:::: 1: B()XTYf'l!'~::; 0: YBOX:::: 4: XBOX::; 20: BOXLEN == 40
~OX$;:.: "ADVECT1-l.J WATER QUALITY MODEL": GOSUB BOXl
ROXN '~~1: BOXTYPE ::::0: YBOX ::;:::6; XBOX ~ 15: BOXLEN :;::30
soxs ::.;"OUTPUT OPERATIONS": GOSUB noxr \
BOXN ::: 1: BOXTYPE ::: 1; YBOX ::::10: XBOX ::::23: BOXLEN =~34
BOX$ ~;:"Results will ,00 LOADED from": GOSUB BOXl
B'O~r:t"";)::: := YBOX:;.: 14: XBOX:::::34: BdXLEN:::: 12
BO::\\ /1Prive" <1- BDS: GOSUa BOX1: COLOR 31
LOC.6.TE 18,25: PRINT "Press (Space Bar] it' ~'hml'geDrive"
COLqR 7.0: BOXTYPE ::-.:0: vROX :::;20: XBOX ::::25: BOXLEN ::: 32
BOX$:::.: "Press [Enter] i.O conllrm'': GaSUS BOX1: GOTO 1390
1370 LOCATE 21. 53 ",
1380 K$:::: INKEY$: It::K$:: .... ·THEN 1380 ELSE K!", ASC(K$)
IF K$ -e- " " THEN ·1400
IF BB$::: "A:" TIiEN BBS :;; "B:" ELSE IF BBS ::: "B:" THEN BBS :.:::"C~"
Q ELSE Bn:~:::: 'A:"
o 1390 LOCATE 1S, 44: PRINT BB$; : GOTO 1370
1400 IF K ::: 13 OR K :::27 'r:HEN !?,ETURN ELSE 1370RETURN ' '
\~!
--------------------------------------------------------
'.:.:>
" APPENDIX B
))
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